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1296 MHz 
TRANSVERTER 




STILL 

UNDER 



WE DONT! 


DO YOU KNOW 
OF ANOTHER 
FULL POWER, FULLY 
ASSEMBLED, 

HF TRANSCEIVER 
STILL UNDER $500? 


BUT DON’T LET THE LOW PRICE FOOL YOU. THE TEMPO ONE’S QUALITY AND 
RELIABILITY HAVE BEEN PROVEN BY THE TENS OF THOUSANDS IN USE BY 
GENERAL AND ADVANCED CLASS AMATEURS. 

AND NOW UNDER THE NEW FCC REGULATIONS THE TEMPO ONE BECOMES 
THE PERFECT RIG FOR THE NOVICE AND TECHNICIAN CLASS. 

Ack anu of thp thousands of ownsrs about ^F BANDWIDTH: 300-2700cps 

ASK any Ol Uie WlUUi>dllU& Ul uwncisauuui RECEIVER SENSITIVITY: 1/2/iv input S/N 10dB 

its dependability, look at its features and agc: Fast attacksiowdecayforssB andcw. 

..V .. 7 ’ , .. __1 SELECTIVITY: 2.3 khz. (-6dBI,4kh/. (-60dBI 

specifications...and the reasons tor its unparai- image rejection: More than 50 dB. 

led popularity will be obvious. 

_ ... . . „„ t TUBES AND SEMICONDUCTORS: 16 tubes. 15 diodes. 7 transistors 

FREQUENCY RANGE: All anwteur bands 80 through 10 meters. ANTENNA IMPEDANCE: 50-75ohms 

MODES OF OPERATION: SSB upper and lower CARRIER SUPPRESSION:-40dBor better 

sideband, CW and AM. SIDEBAND SUPPRESSION:-50 dB at 1000 CPS 

SOLID STATE VFO: Very stable Colpitts circuit THIRD ORDER INTERMODULATION PRODUCTS:-30 dB (PEP) 

RECEIVER OFFSET TUNING (CLARIFIER): Provides *5khz. TFMPO "ONF" TRANRrFIVFR C1QQ on 

variation of receiver tuning when switched ON. tlviru UIMt I HHINIbUtl VfcH.5399.1)0 

FREQUENCY STABILITY: Less than 100 cycles after warm-up. AC/ONE POWER SUPPLY.S 99.00 

and less than 100cycles for plus or minus 10% line voltage change. TEMPO VF/ONE External VFO . S109 00 

INPUT POWER: 300 watts PEP. 240 watts CW CW FILTER KIT .S 4600 



Tempo RBF-1 
Wattmeter 

An inexpensive, in-line 
Wattmeter and SWR bridge 
for use with any transceiver, 
transmitter, or amplifier 
from 1.9 to 150 MHz. Test 
and tune for maximum 
output or for monitoring 
on-the-air performance. 
Allows selection of wattmeter scales of 0-200 watts or 0-2000 watts. 
Insures consistent, efficient transmitter operation. 

As with all Tempo equipment, the RBF-1 delivers performance value 
far beyond its price. Only $42.95 


Prices subject to chjrtge without notice 


Tempo DM-20 Desk Mike 

Features PTT and LOCK 
1 switches. Converts easily to 
high or low impedance (600 
or 50k ohm). Only $39.00 


asm Haim 

1)240 W Olympic Blvd., Los Angeles, Calif. 90064 

2)3/477 6701 

931 N Euclid, Anaheim, Calif. 92801 714/772 9200 

Bufler. Missouri 64730 816/679-3127 
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WHY SIX METERS? 


Consistent coverage of over 100 miles is not unusual with use of modern equipment. 

The variety of propagation affords an opportunity of working lots of DX-Stations from 400 
2,000 miles away on multi hop sporadic E, F ? Skip during the upcoming peak sunspot cycle 
of over 2,000 miles. Plus transequatorial propagation is good up to several thousand miles. 

Vh7 engineering offers a complete line of six meter FM kits and equipment. 


Si- 






The RX50 is a NBFM 30 60 MHz 
Receiver Kit. Sensitivity is ,3uV 
for 20 db squelch threshold ,2uV 
Audio output. 2 watts. 

Kit.$59.95 


TX50 1 watt true fm 6 meter 
transmitter 

Kit.$39.95 


"Jr 


PA50/25 6 meter power amp 

1 watt in, 25 watt out 

Kit.$49.95 


THE RPT50 
SIX METER 
NBFM 
REPEATER 

Kit. 

wired & tested 



$465.95 

$695.95 


THE NEW RPT 50 IS A COMPLETELY SELF-CONTAINED 
ALL SOLID STATE REPEATER. It is conservatively rated, and 
built of high quality components. Much care and attention to 
make this repeater versatile as well as reliable. 

The Model RPT 50 is supplied as complete repeater system. The 
receiver, transmitter, control circuitry. C. W. Identifier & 115/230 
Volt AC power supply are all contained on a standard relay-rack 
panel and chassis unit. For most installations a user supplies AC 



TRX50 complete 6 meter transceiver kit. 
25 watt out, 10 channel scan. 

(Less mike and crystals.) 

Kit.$229.95 


power and suitable antennas with 50 OHM coaxial feed (PL 259 
fittings). External connections for autopatch, tone control, etc. 
are provided. Built-in identifier programmed with up to 159 bits. 
Automatic emergency battery power changeover capability. 

To best take advantage of the DX as well as the extended range 
capabilities we recommend our optional tone squelch board 
TS-1 and TD-3 touch tone decoder. 


Export prices slightly higher. Prices and specifications subject to change. 


[master charge] 
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f engineering 


BankAmericard 


DIVISION OF BROWNIAN ELECTRONICS COR P 

BOX H / 320 WATER ST. / BINGHAMTON, N Y. 13901 / Phone 607-723-9574 











Stay tuned for future programs* 



The HAL ST-6000 demodulator lishing different tone pairs. You can of codes, including Baudot, ASCII 
/kcyer and the DS-3000 and DS-4000 select AM or hard-limiting FM modes and Morse. The powerful, program- 
KSR/RO series of communications of operation to accommodate differ- mable 8080A microprocessor is in- 
terminals are designed to give you ent operating conditions. An internal eluded in the circuitry to assure maxi¬ 
superlative TTY performance today monitor scope (shown on model mumflexibilityforyourpresent needs 
—and in the future. DS series ternu- above) allows fast, accurate tuning, —and forthe future. The KSR models 
nals, for example, are re-program- The ST-6000 has an outstandingly offer you full editing capability. The 
mable, assuring you freedom from high dynamic range of operation, video display is a convenient 16-line 
obsolescence. Sophisticated systems Data I/O can be RS-232C, MIL 188C format, of 72 characters per line, 
all, these HAL products are attrac- or current loop. These are some of the highlights. 

Lively priced-for industry, govern- The DS-3000 and DS-4000 series of The full range of features and speci¬ 
men! and serious amateur radio KSR and RO terminals provide silent, fications for the ST-6000 and the DS 
operators. reliable, all-electronic TTY transmis- series of KSR and RO terminals 

The HAL ST-6000 operates at sionand reception, or read-only (RO) is covered in comprehensive data 
standard shifts of 850, 425, and operation of different combinations sheets available on request.Write for 
170 Hz. The tone keyer is crystal- fMW them now-and tune in to the most 

controlled. Loop supply is internal. Ir ll sophisticated TTY operation you can 

Active filters allow flexibility in estab- "“■J ■ have today... or in the future. 

HAL Communications Corp., Box 365, 807 E. Green Street 
Clrbana, Illinois 61801 • Telephone: (217) 367-7373 
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a second look 

■^ft\ by Jim Fisk 


The editor of a technically oriented magazine like ham radio has to wear several hats. I could use this 
whole page to describe the details that require attention to keep the magazine running smoothly, but I'd 
like to talk for a moment about one very important editorial task that means the difference between an 
interesting, accurate technical magazine, and one that isn't. 

The articles in ham radio are written by authors not unlike you, the reader. They range from enthusiastic 
hams who want to share an idea, to amateurs with engineering backgrounds (who also want to share an 
idea). I welcome the output of anyone who is interested in contributing something which will benefit all 
hams. 

Budding authors often ask, "What kind of articles are you looking for?" That question is difficult to an¬ 
swer since many new manuscripts arrive every day, but generally speaking, I am looking for simple con¬ 
struction projects that the average reader can put together in one or two weekends. Larger construction 
projects are also welcome, but the average ham radio reader must split his leisure time between amateur 
radio and other interests, so he doesn't have time to build a Chinese copy of a complex piece of gear. 

When I read an article contributed to ham radio, the first thing I look for is interest value. If the manu¬ 
script passes this test, the next thing I look for is technical accuracy and attention to detail. The contri¬ 
buted article doesn't have to be a literary masterpiece. If you have a good idea; if it's well documented; 
if the illustrations and technical discussion are clear and accurate — you may have a winner! 

Don't feel too badly if your article is not accepted. Since we publish about twelve feature articles in 
every issue, to keep the production pipeline full we purchase that same number of new manuscripts each 
month. This keeps the article backlog to a minimum and insures that the fare served up in each issue of 
ham radio represents the latest possible information on any given subject. 

During an average month I receive 50 to 60 new manuscripts; at some point during the month I sit down 
and go through each of the articles rejecting those that are clearly not usable in ham radio ; this narrows 
the stack of manuscripts down to 25 or so. 

Now comes the most difficult part — deciding which of those remaining 25 articles are most desirable. 
Articles that are too long or need more polishing are returned to the author with suggestions for rewriting 
the article to our standards. The remaining material is further screened for technical accuracy and reader 
interest; this process continues, with comments from the staff (and usually arguments), until we have de¬ 
cided upon the articles which will be published in ham radio. 

If you prefer to read ham radio, rather than write for it, you can help by telling me the kind of article you 
like. If you have a pet project in mind, or an old project that could be updated with transistors or ICs, let 
me know about it; I'll pass the idea along to one of our regular contributors. 

1977ham radio sweepstakes 

The winner of the Grand Prize in the 1977 ham radio sweepstakes, a Kenwood TS-820 six-band trans¬ 
ceiver, one of the most exciting of this year's new amateur transceivers, and the versatile Kenwood TR- 
7400A two-meter fm transceiver, is Clarence "Bick" Bickford, K0RHP. Other happy winners in this year's 
Sweepstakes are Bill Locke, W4RPU, and George Gruetzmacher, WB9QBA, who each won TS-820 trans¬ 
ceivers; and Hal Tune, W8LZE, and Jack Langley, K0MER, who are proud new owners of TR-7400A 
fm rigs. 

This year's sweepstakes was one of our biggest ever, and we want to thank all of you who took the time 
and effort to enter. Next year we'll be doing it again, so stay tuned . . . 

Jim Fisk, W1HR 
editor-in-chief 
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A NEW "13-METER" BAND , 15 meters back where it belongs, and AO meters exclusively 
Amateur were the big pluses in the FCC's WARC Fifth Notice of Inquiry, released May 
20th. On the negative side, the proposed 160-190 kHz band has been dropped entirely 
due to objections from the power-generating industry which uses those frequencies for 
carrier-current telemetry and control of their high-voltage transmission lines; they 
fear strong Amateur signals could cause interference problems. 

Looking At The Latest proposals band-by-band and referencing them to last December's 
Third Notice of Inquiry (February HR) finds: 

1600 Meters: 160-190 kHz droppeJT 

1750-1800 kHz dropped; 1800-1900 kHz exclusive; 1900-2000 kHz restored, 
shared with existing services (Loran). 

3500-3900 kHz exclusive; 3900-4000 kHz shared (no change). 

6950-7250 kHz exclusive; 7250-7300 kHz dropped. 

13950-14400 kHz exclusive (no change). 

20700-20950 kHz dropped; 20950-21200 kHz exclusive; 21200-21450 kHz 
exclusive (restored). 

25.76-25.86 MHz new, exclusive. 


160 Meters: 


80 Meters 
40 Meters 


20 Meters 
15 Meters 


13 Meters : 
10,6,2 and 
T% Meters ~ 
3/4 Meters : 

35 cm: 


all remain as they are now and were proposed in December. 

420-450 MHz unchanged, except Amateur Satellite has been proposed 
worldwide for the 435-438-MHz slot. 

902-928 MHz shared unchanged. 


In The 1215-MHz Band , Amateurs would lose 1215-1240 MHz with 1240-1290 MHz shared 
with radiolocation and Amateur satellite sharing 1290-1300 MHz. The only other change 
in the higher frequencies is a partial restoration of the previously dropped 48-50 GHz 
band to 49.8 to 50 GHz. 


It Must Be Emphasized that these bands are only proposed and only for the U.S. 
position at the 1979 World Conference. They'll be reviewed by the Advisory Committee 
on Amateur Radio, tentatively scheduled to meet in Washington on July 12. Loss of the 
160-190 kHz band will certainly be discussed, and perhaps another spot in that spectrum 
can be found for us. The new 25.76-MHz band, a useful addition, is not nearly so 
significant to Amateur needs as the 10- and 18-MHz bands we previously requested, so 
the ACAR should be focusing on that area, too. 

Comments On This Fifth Notice of Inquiry are due August 1st, and Reply Comments 
August 22nd. We'll need lots of help if we're to preserve the relatively good posi¬ 
tion we’re now in. 


GETTYSBURG'S SPECIAL LICENSING CHIEF was indicted April 29th by a Harrisburg, 
Pennsylvania Federal Grand Jury on four counts of bribery. The indictment charged 
FCC official Richard C. Ziegler with the alleged solicitation of $100 each from four 
individuals in exchange for influencing the processing of their callsign applications 
last spring, according to the report in the April 29 Harrisburg Patriot . The indict¬ 
ment apparently was the result of an FBI investigation begun last fall. 

220-MHZ CLASS-E CB still seems to be a live issue with the FCC, according to a 
report from the Commission's Office of Plans and Policy that was released in late 
April. The document, "Spectrum Alternatives of Personal Radio Service," was prepared 
by the Personal Radio Planning Group, which considered 17 alternative spots between 
25 and 1215 MHz for personal radio expansion. 

Based On Such Factors as user loading, costs of relocation, and TVI potential, 
seven segments were selected: 26.95-26.96, 27.54-28.00, 29.80-29.89, 29.91-30.00, 
222-224, 894-902, and 928-947 MHz. Since many of the problems of the present Class-D 
band seem to rule out any of the slots in the 26-30-MHz region, we're back to that 
same old basic conflict between 220 and 900 MHz. However, despite the Planning Group's 
determination that its selections were the only likely current candidates, their 
report did not preclude consideration of some totally different spot, and even sug¬ 
gested that the Commission could decide that further CB expansion was not in the 
public interest. 

EAST COAST VHF/UHF CONFERENCE in New Hampshire May 7th and 8th was rated a "huge 
success" by the nearly 100 attending from the U.S. and Canada. Noise figure competi¬ 
tion winners were K2UYH with his V-244 based 432-MHz preamp at 0.95 dB, and WIJR's 
144-MHz design with 0.8 dB. 

Ham Radio's Annual Award for Technical Achievement went to the Mt. Airy VHF Club 
for the Pack Rats' 432-MHz EME DXpedition to Colombia last summer — W3HMU accepted 
the plaque for the club. 

ARMY RESERVIST AMATEURS can get their two-week summer duty teaching teenagers 
Amateur Radio in the FAA’s Career Interest Program. For details call Col. Colby or 
Lt. D'Angelo at (202)325-8483, or write 118 South Royal, Alexandria, Virginia 22314. 
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Look closely at the new MT-3000A. 
You've never seen anything like it 
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Times have changed since DenTron introduced its 
first tuner. With rapid growth in condominiums and hous¬ 
ing developments, we have new problems that require new 
solutions. 


The compact size alone of the MT-3000A (5Vi" a 14" 
x 14") makes it revolutionary. Combine that with its four 
built-in accessories and we're sure you'll agree that the MT- 
3000A is one of the most innovative and exciting instru 
ments offered for amateur use. 

At $349.50 the MT-3000A is not inexpensive. But 
it is less than you'd expect to pay for each of these accesso¬ 
ries separately. 

As unique as this tuner is, there are many things it 
shares with all DenTron products. It is built with the same 
meticulous attention to detail and American craftsmanship 
that is synonymous with DenTron. 

After seeing the outstanding MT-3000A, wouldn't you 
rather have your problems solved by DenTron? 

7 V»f > /o\ x 2100 Ertefpfoe PorVwov 

LA? /// Uf l — Iwnbufa Onto 44087 

RodlO Co Inc (216)425-3173 


DenTron decided to rethink the tuner and what its to¬ 
tal capabilities should be. 

The MT-3000A is a capsulized solution to many prob¬ 
lems. It incorporates 4 unique features to give you the 
most versatile antenna tuner ever built. 


First, as a rugged antenna tuner the MT-3000A easily 
handles a full 3KW pep. It is continuous tuning 1.8-30mc. 
It matches everything between 160 and 10 meters. 

Second, the MT-3000A has built-in dual watt meters. 

Third, it has a built-in 50 ohm dummy load for proper 
exciter adjustment. 

Fourth, the antenna selector switch; (a) enables you 
to by-pass the tuner direct; (b) select the dummy load or 5 
other antenna systems, including random wire or balanced 
feed. 







We told you that the TS-820 would be the best. In little more than a year our promise 
has become a fact. Now, in response to hundreds of requests from amateurs. Kenwood 
offers the TS-820S*.. .the same superb transceiver, but with the digital readout factory 
installed. The worldwide demand for the TS 820 far exceeded our initial production plans. 
However, production capacity has been substantially increased and our objective is to 
make the TS-820S more readily available to you. As an owner of this beautiful rig. you will 
have at your fingertips the combination of controls and features that even under the 
toughest operating conditions make the TS-820S the Pacesetter that it is. 


n-. 


eatures 


Following are a few of the TS- 
820S' many exciting features 

SPEECH PROCESSOR • An RF 

circuit provides quick time constant 


compression using a true RF 
compressor as opposed to an AF 
clipper Amount of compression is 
adjustable to the desired level by a 
convenient front panel control 



T\7-506 TV-502 VF0-820 TS-820S 


SP-520 


PLL • The TS-820S employs the 
latest phase lock loop circuitry The 
single conversion receiver section 
performance offers superb protection 
against unwanted cross-modulation 
And now PLL allows the frequency 
to remain the same when switching 
sidebands (USB. LSB CW) and 
eliminates having to recalibrate 
each time 

DIGITAL READOUT • The digital 
counter display is employed as an 
integral part of the VFO readout 
system Counter mixes the carrier. 
VFO and first heterodyne frequen¬ 
cies to give exact frequency Fig¬ 
ures the frequency down to 10 Hz 
and digital display reads out to 


100 Hz Both receive and transmit 
frequencies are displayed in easy to 
read Kenwood Blue digits 


^Specifications 

FREQUENCY RANGE 1 8-29 7 MHz 
(160 • 10 meters) 

MOOES USB. LSB CW. FSK 
INPUT POWER 200W PEP on SSB 
160 W DC on CW 
100 W DC on FSK 

ANTENNA IMPEDANCE 50-75 ohms, 
unbalanced 

CARRIER SUPPRESSION Better than -40 dB 
SIDEBAND SUPPRESSION Better than 50 dB 
SPURIOUS RADIATION Greater than 60 dB 
(Harmonics more than -40 dB) 

RECEIVER SENSITIVITY Better than 0 25uV 


RECEIVER SELECTIVITY 
SSB 2 4 kH.* (-6 dB) 

4 4 kH/ (-60 dB) 

CW' 0 5 kHz (-6 dB) 

1 8 kHz (-60 dB) 

*(*tth optional CW (liter installed) 
IMAGE RATIO 160-15 meters Better than 
60 dB 10 meters Better than 50 dB 
IF REJECTION Better than 80 dB 
POWER REQUIREMENTS I20f220 VAC. 

50’60 Hz. 13 8 VDC (with optional 
DS- 1 A DC DC converter) 

POWER CONSUMPTION Transmit 280 Watts 
Receive 26 Watts (heaters off) 
DIMENSIONS 13-1/8 W > 6 H 
■ 13-3)16 D 

WEIGHT 35 2 lbs U6 kg) 

VFO 820 

Function switch provides any combina¬ 
tion of transmit/receive/transceive with 
the TS-820S Both are equipped with 
VFO indicators showing which VFO 
is in use 


IF SHIFT • The IF SHIFT control 
varies the IF passband without 
changing the receive frequency 
Enables the operator to eliminate 
unwanted signals by moving them 
out of the passband of the receiver 
This feature alone makes the TS* 
820S a pacesetter 


SP-520 

Although the TS-820S has a built-in 
speaker, the addition of the SP-520 
provides improved tonal quality A perfect 
match in both design and performance 
TV-602 

The TV-502 transverter puts you on 2- 
meters the easy way Operates in the 
144 0-145 7 MHz frequency range with 
a 145 0-146 0 MHz option Completely 
compatible with the TS-820S, the TS- 
520S and most any HF transceiver 

TV 506 

Similar to the TV-502 except that it 
opens up the 6-meter band (50 0-54.0 
MHz) to your HF rig 
The TS-820S and DG-1 are still avail¬ 
able separately 





































There are a number of good 2 meter FM transceivers on the market. You may already own one. 

But, even if you do, we suggest that you put your radio to this test. And, if you're thinking of buying 
one, this test should be a helpful guide 

Is it PLL synthesized? 

Does it have 100 channels (88 pre-programmed)? 

Does it have 12 extra diode programmable channels? 

Does it have single knob channel selection? 

Does it have a LED digital frequency display? 

Dos it have a powered tone pad connection? 

Does the receiver have helical resonators? 

If your answer is NO to any of these, the TR-7500 is the radio that you should own And. 
in addition to these important features, you get proven Kenwood quality, value and service 


NO 

YES 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 
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Grounding Polarity: Negative ground 
Antenna Impedance 50 Ohms 

Current dram less than 0 5A in receive 
with no input signal 
Less than 3A in transmit 
(HI) Less than 15A in 
transmit (LOW) 

(at 138V DC) 



TR-7500 

'pecifications 


Semiconductors Transistors 

41 

Dimensions 172 mm (6-3/4") wide 
250 mm (9-7/8") deep 

FETs 

8 

75 mm (2—15/16") high 

ICs 

7 

Weight Approumately 2.2 kg (4 8 lbs) 

Diodes 

35 

TRANSMIT SECTION 

Frequency Range 146 01 to 147 99 MHz 


RF Output Power High. 10 Watts 

Mode FM 


Low: 1 Watt 

No. ol Channels 100 


(approumately) 

Operating Temperature: -20 to 


Modulation Vanable reactance 

♦ 50 degrees C 


frequency shift 

Power Voltage 115 to 160V DC (13.8V 


Frequency Deviation • 5 KHz 

DC nominal) 


Spurious Radiation Better than -60dB 


Tone Pad Input 
Impedance 600 Ohms 
Microphone Dynamic microphone with PTT 
switch. 500 Ohms 
RECEIVE SECTION 
Receive System Double conversion 
superheterodyne 

Intermediate Frequency 1st IF 10 7 MHz 
2nd IF 455 kHz 

Sensitivity Better than 0 4 uV lor 20dB 
quieting Better than 
I uV for 30dB S/N 

Squelch Sensitivity. Better than 0.25 uV 
Selectivity: 12kHz at —6dB down 
40 kHz at -70dB down 
Image Reaction Better than -70dB 
Spurious Interference Better than -60dB 
Audio Output More than 15 watts across 
8 Ohms load 10% distortion 
Inlermodulation Better than 66dB 


TRIO KENWOOD COMMUNICATIONS INC. till WEST WALNUT/COMPTON. CA 90220 


^KENWOOD 



































1296-MHz transverter 


Complete construction details 

for a simple, 
inexpensive transverter 
for ssb and CW 
that will make 
a noticeable dent 
on the 1296-MHz 
amateur band 

Recent issues of ham radio and other amateur 
publications have contained a wealth of construction 
articles on equipment for 1296 MHz, indicating the 
growth of interest and activity on that band. Con¬ 
spicuously absent from the literature, however, is a 
simple, inexpensive way of generating reasonable 
amounts of stable transmitter output power — 
greater than 1 watt — for serious CW and ssb work 
on 1296 MHz. 

Most long-haul, narrow-band DX work is con¬ 
ducted at or just above 1296 MHz, leaving the lower 
part of the band for wideband modes. Traditional 
transmitting schemes for this band usually involve 
tripling from 432 MHz using planar triodes in a cavity 
or stripline arrangements, and more recently, varac¬ 
tor diodes. These approaches yield CW or fm signals, 
but they are obviously unsuitable for single sideband. 

Recent solid-state mixer designs, although suitable 
for producing clean ssb and CW signals have one 
principal drawback: low power output, typically in 
the dozens of milliwatts range. This requires con¬ 
siderable linear amplification to approach reasonable 
power levels. The circuitry associated with uhf mix¬ 


ers is difficult for amateurs unfamiliar with these 
devices and expensive in terms of dollars invested 
per watt of outpuut power obtained. 

In an effort to overcome these drawbacks with 
minimum circuit complexity and financial invest¬ 
ment, a high-level mixer was developed which uses 
the popular 2C39/7289/3CX100A5 family of planar 
triodes. These tubes are abundantly available surplus 
at extremely reasonable prices. Depending on the 
plate voltage applied to the tube, this transverter will 
deliver from 5 to 15 watts of clean, stable CW and 
ssb power output on 1296 MHz. This is more than 
enough for routine contacts up to a 100 miles 
(160km) or more. My 1296-MHz signals are regularly 
copied at +20 dB over S-9 over a 50 mile (80km) 
path using the transverter stage alone; for more 
serious DX work the unit will drive a single 7289 to 
100 watts ssb and CW output! 

theory of operation 

The 1296-MHz transverter operates like a receiving 
converter or mixer in reverse, and at much higher 
power levels. As shown in fig. 1, an ssb signal from 
the output of a high-frequency or vhf transmitter 
(here considered to be the intermediate frequency or 
i-f) is mixed with a higher frequency carrier (the local 
oscillator or LO) to produce sum and difference fre¬ 
quencies, of which one is the desired uhf ssb signal. 
The remaining, undesired signals are eliminated with 
a selective filter. 

I used the output of a 50-MHz ssb transceiver for 
my i-f. Obviously, other ssb source frequencies could 
be used, but it is desirable to use as high an i-f as 
possible to separate the desired mixer product from 
the unwanted LO and difference frequencies as 
much as possible, making it easier to eliminate the 
unwanted signals by filtering. Intermediate frequen¬ 
cies as low as 21 or28 MHz can be used with little dif¬ 
ficulty. 

Transceivers in the 10-20 watt class are ideal for 
driving this transverter. They should, however, be 

By Joe M. Cadwallader, K6ZMW, Star Route 
2, Bosse Road, Jackson, California 95642 
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isolated from the transverter by a simple 3 dB at¬ 
tenuator 1 (such as a suitable length of RG-58/U 
coaxial cable) to make sure the transceiver is ter¬ 
minated in a matched, resistive load. The output of 
transceivers in the 100-watt class should be at¬ 
tenuated down to about 10 watts; don't just turn 
down the DRIVE or MIC GAIN control. 

The transverter requires about 5 watts of local 
oscillator injection at 1296 MHz plus or minus the i-f. 
This signal can be derived in a number of ways. In my 
case, withh a 50-MHz i-f, a LO of either 1246 or 1346 
MHz was needed. A crystal-controlled signal source 
providing about 10 watts output at 415.333 MHz was 
built; this was used to drive a tripler stage to 1246 
MHz with about 5 watts output. 


4’ , X4"X2 ,, ( 10X10X5cm) BOX 



fig. 1. Circuit layout for the 1296-MHz transverter. Component de¬ 
tails are listed under fig. 2. 


C6 
l / 



Cl, C3 part of cathode circuit (see fig. 5) 

C2 150 pF silver-mica capacitor for 50-MHz *-f (three 47-pF dipped 

silver-mica capacitors in parallel) 

C4 plate tuning capacitor (see fig. 7) 

C5 part of L5 (see fig. 3) or 10 pF piston trimmers 

C6 non-existent; represents dc open condition of this line 

configuration (see text) 

C7 grid bypass capacitor (see fig. 4) 

C8,C9,C10 1000 pF feedthrough capacitors. C8 must be rated for applied 
B + voltage 

LI part of cathode circuit (see fig. 5) 

L2 4 turns no. 16 (1.3mm) enamelled copper wire on 1/4" (6.5mm) 

slug-tuned coil form (for 50-MHz i-f) 

L3 1 turn no. 16 (1.3mm) around cold end of L2 

L4 plate line (see fig. 6) 

L5 1/4" (6.5mm) wide copper or brass strip, about 1/8" (3mm) 

away from plate line (see fig. 3) 

RFC 15 turns no. 16 (1.3mm) copper wire, closewound on 1/16" 

(1.5mm) mandrel 


There are a number of ways to generate the 415- 
MHz signal: the easiest is to modify and retune an 
existing transmitter which operates near this fre¬ 
quency. Many 432-MHz transmitters described in 
amateur publications can be easily retuned; tran¬ 
sistorized transmitter kits advertised in amateur 
publications are very reasonably priced and should 
work well for this purpose. 

Even old commercial 450-MHz fm transmitter 
strips, often available as junk, work nicely. If this ap¬ 
proach is used, however, a few precautions are in 
order: turn the DEVIATION control off and, if possi¬ 
ble, remove the speech-amplifier and phase- 
modulator tubes; substantially increase the power 
supply filtering to assure clean output with no ac 
hum which would otherwise appear on your trans¬ 
verter LO signal; voltage-regulate the oscillator and 
buffer stages with zener diodes or VR tubes to main¬ 
tain oscillator stability; and use a good quality crystal 
with a low temperature coefficient in a temperature- 
controlled oven, or mount the crystal under the 


fig. 2. Schematic diagram of the 1296-MHz transverter. The circuit 
layout is shown in fig. 1. Rf power output at 1296 MHz is 17 
watts. 



1296 MHz USB 


fig. 3. Block diagram of the 1296-MHz transverter system for CW 
and ssb operation. Although the author used a 50-MHz ssb/CW 
transmitter, 21 or 28 MHz could be used with equally good results. 
Frequencies below 21 MHz are not recommended because of the 
difficulty in separating the resulting mixer products. 
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chassis away from sources of heat, to reduce LO 
drift. 

Regardless of which approach is used to generate 
the LO signal, a small amount can also be coupled off 
for LO injection to the receiving converter, thus 
reducing the total system equipment requirement 
and yielding true transceive operation on 1296 MHz. 
In my case, a small amount of 415.333-MHz energy 
was inductively coupled from the PA grid circuit of a 
10-watt transmitter strip used as the LO source and 
applied to the multiplier diode of a popular trough¬ 
line receiving converter. 2 

The task of tripling up to the transverter's required 
LO injection frequency can be readily accomplished 
in a varactor multiplier — either commercial* or 
homebrew 3 — or a stripline or cavity multiplier 
stage 4 - 5 can be built around a 2C39/7289 triode. It 
has been suggested that cavity assemblies from 
surplus uhf equipment such as the UPX-6 would 
serve this purpose well. As is, these beautiful cavities 
tune from roughly 1000 to 1200 MHz. 


to \ I 



Close-up of the cathode compartment. The BNC connector on 
the left is used for the local oscillator input, while the one on the 
right is for the i-f input The filament and grid voltages are brought 
into the compartment by feed through capacitors. 

Table 1 lists the required local-oscillator frequen¬ 
cies for various intermediate frequencies. Keep in 
mind that using an LO above 1296 MHz causes inver¬ 
sion of the sideband in the transverter: for example, a 
1346-MHz LO minus a 50-MHz upper sideband signal 
equals 1296-MHz lower sideband. 

Referring to the schematic diagram, fig. 2, the 

•The MMv 1296 tripler available from Spectrum International. Box 
1084, Concord. Massachusetts 01742 



The complete 1296-MHz ssb/CW transverter, mounted on a pres¬ 
surized chassis. The local-oscillator chain is at the upper left, the 
varactor tripler is to the left, and the high-voltage power supply and 
blower are at the right. 

transverter circuit is remarkably simple, using a 7289 
(2C39) or equivalent in the familiar grounded-grid 
configuration. As is common practice in this applica¬ 
tion, the tube grid is not actually grounded directly 
but rather is bypassed, through capacitor C7 so the 
grid is grounded at the signal frequency while re¬ 
maining above ground to dc. This provides a conven¬ 
ient way to apply grid bias through RFC2 and C9 
without affecting the rf behavior of the grid circuit. 

table V Possible i*f/locel oscillator combinations for the 1296-MHz 
transverter. LO frequencies above 1296 MHz invert the sideband 


intermediate 

local 

driver 

frequency 

oscillator 

(LO + 3) 

21 MHz 

1275 MHz 

425 000 MHz 

21 MHz 

1317 MHz 

439 000 MHz 

28 MHz 

1268 MHz 

422 666 MHz 

28 MHz 

1324 MHz 

441 333 MHz 

50 MHz 

1246 MHz 

415 333 MHz 

50 MHz 

1346 MHz 

448 666 MHz 

144 MHz 

1152 MHz 

384 000 MHz 

144 MHz 

1440MHz 

480 000 MHz 


The grid bypass capacitor, C7, consists of a flat, 
concentric brass or copper plate connected by finger 
stock to the tube's grid collar and insulated from the 
chassis with a thin mica or Teflon sheet. This type of 
bypass plate is standard equipment on military sur¬ 
plus vhf communications gear and can often be 
scavenged. The bypass plate can also be home built 
by soldering finger-stock material* around an appro¬ 
priately sized hole centered on a flat brass or copper 
sheet (fig. 4). Thin mica for the dielectric material is 
available in most hardware or plumbing supply stores 
as replacement material for gas furnace pilot-light in¬ 
spection holes. It can be easily cut with scissors or an 
Exacto knife. 

The bypass plate is insulated from its mounting 
•Instrument Specialties Company, Little Falls, New Jersey 07424. 
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screws with the same type of nylon bushings which 
are used to mount and insulate power transistors. 
Once assembled, a typical value for this bypass 
capacitor is about 100 pF; this represents about 1 
ohm of capacitive reactance — essentially a dead 
short — at 1296 MHz, and effectively grounds the 
grid at that frequency. However, at lower frequen¬ 
cies the grid is definitely not at rf ground: at 50 MHz 
the reactance of the grid bypass is about 30 ohms, 
and at 28 MHz it is about 55 ohms. Thus, the grid can 
be driven by the low-frequency ssb i-f signal while 
the cathode is driven by the high frequency LO 
signal: the sum and difference of these two signals 
appear in the plate circuit. 

This simple approach can be applied to numerous 
uhf tubes in various grounded-grid configurations, 
stripline or cavity, commercial or military surplus, 
with equally good results. 

The cathode circuit, fig. 5, driven at the LO fre¬ 
quency of 1246 MHz in my case, consists of a 
shorted quarter-wave line section LI, made of thin 
brass or copper sheet 1/4 inch (6.5mm) wide, wrap¬ 
ped around the tube cathode sleeve and running 
1-3/4 inch (44mm) to chassis ground. The line is 
tuned with Cl which may be a low loss, high quality 
glass or ceramic piston trimmer or, better yet, a 
metal tab bent up near the line, or a brass machine 
screw with a brass disc about 1/2 inch (13mm) in 
diameter soldered to its end (similar to C4). The LO 
energy is capacitively coupled to the middle of this 
line by C3, a small brass or copper tab soldered to the 
LO input connector and bent up near the cathode 
line. Spacing can be adjusted for maximum LO drive. 

The ssb i-f signal is coupled to the grid circuit by 
L3, a one-turn link wound around the cold end of L2. 
The L2-C2 circuit must resonate at the intermediate 
frequency. Since this circuit will be driven with about 



The plate-line enclosure for the 1296-MHz transverter. The output 
coupling network, L5-C5 . is to the right. 



fig. 4. Construction of the grid bypass capacitor. C7. 

5 watts, these coils should be* either air-core or 
wound on a low-loss slug-tuned ceramic coil form of 
moderate diameter (1/4 inch [6.5mm] minimum, 
larger preferred) using no. 14 (1.6mm) to no. 18 
(1mm) enameled copper wire. C2 should be a good 
quality mica or silver-mica capacitor to minimize 
losses. Two or three capacitors may be paralleled to 
handle the required rf current and still resonate with 
L2 at the i-f. The C2-L2 combination should be pre- 



C2 10 pF piston trimmer capacitor or built as C4 (fig. 7) 

C3 1/4* (6.5mm) wide copper or brass strap 

LI 1/4* (6.5mm) wide copper or brass strap 


fig. 6. Construction of the cathode circuit for the 1296-MHz trans¬ 
verter. This circuit Is installed in a small aluminum minibox which Is 
mounted on the plate enclosure (see fig. 1 and the photographs). 

tuned to the intermediate frequency with a grid- 
dipper before installation. 

The plate circuit (fig. 1) consists of an open half¬ 
wave line section, L4, tuned to 1296 MHz by 
capacitor C4. The line section is made of sheet cop¬ 
per or brass with finger stock connections to the tube 
anode ring and supported by insulating columns of 
Teflon, Rexolite, ceramic, or other good uhf dielec - 
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Construction details of the plate line, output network, and mount 
ing of the grid bypass capacitor, capacitor C7 Note that the mount 
ing screw on the left is connected to the grid bypass plate for grid 
bias (from the cathode enclosure, below). 

trie. The anode finger stock assembly can be found 
in the same military surplus vhf communication gear 
as the grid bypass assembly. Alternatively, commer¬ 
cial finger stock may be formed to the appropriate 
size and soldered around a hole in one end of the 



Another view of the plote line showing the grid bypess capacitor 
C7: output link. L5 C5: plate rf choke. RFC3: end bypass capacitor. 
C8 


plate line, L4, large enough to accommodate the 
tube anode ring as shown in fig. 6. 

Capacitor C6 does not really exist, but merely 
represents the dc-open condition of this line con¬ 
figuration. In fact, the entire line and tube anode 
have B + applied through RFC3 and C8. This feed¬ 
through bypass capacitor must be rated to withstand 
the B + voltage applied to the tube. If a commercial 
or surplus bulkhead capacitor cannot be found, this 
capacitor can be home-made using a 1-1/2-inch 
(38mm) square of sheet metal and sheet mica. 

The plate tuning capacitor, C4, requires about 10 


pF and must not break down at full applied B + . A 
low loss, high quality glass or ceramic piston trimmer 
(rated accordingly) would do nicely, or this capacitor 
may be constructed using 3/4-inch (19mm) wide, 
sheet brass strap bent up near the plate line for about 
3/4 inch (19mm) and insulated from it with a layer or 
two of sheet mica (see fig. 7). The spacing between 
this tab and the plate line can be varied by any con¬ 
venient mechanical means to tune the line. An alter¬ 
nate approach is to drill and tap the transverter top- 
plate to pass a no. 8 or no. 10 (M4 M5) brass 
machine screw with captive lock nut. Cut the screw 
so it is just short of touching the plate line (by at least 
1/16 inch or 1.5mm) and solder a 3/4 inch (19mm) 
diameter brass disc to its end. Insulate the disc from 
the plate line with mica sheet. 

Output power is inductively coupled from the plate 
line via L5 which is made from 1/4-inch (6.5mm) 
wide copper or brass strap soldered to the output 
connector (N or BNC type) and run parallel to the 
plate line about 1/8 inch (3mm) away. The end of 
this strap can then be run down to, and parallel with, 
the chassis to form the matching capacitor C5. A 
low loss glass or ceramic piston trimmer of about 10 
pF capable of handling some moderately large rf cur¬ 
rents, could also be used. 

construction 

The grid i-f and cathode LO circuitry plus filament 
and grid bias wiring are all contained within (and 
shielded by) a small aluminum minibox mounted on 
top of the plate line enclosure. This minibox is 
secured by the same hardware which is used to 
mount the grid bypass plate, C7. Two screws are in¬ 
sulated with nylon bushings from this grid bypass 
plate; the third screw makes contact with C7 but is 
still insulated from the chassis by nylon bushings. 
Bias and i-f connections are then made to this screw. 

The plate circuitry and output coupling loop are 



fig 6 Plate line (L4 in figs 1 and 2) for the 1296 MHz transverter. 
Finger stock can be obtained from Instrument Specialties. Little 
Falls. New Jersey 
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An alternate arrangement for the output circuit. L5 C5 


contained within a 4 x 4 x 2 inch (10x10x5cm) 
minibox which serves as the chassis base. Screened 
air holes provide a path for forced air cooling of the 
tube anode structure, which is absolutely essential at 
reasonable power levels. These holes must be rf 
tight, so the shielding screen must be well grounded 
around its periphery. 

Copper screen can be soldered to the aluminum 



Plate line removed to show grid bypass plate The plate line is 
mounted on the two Teflon pillars at bottom 


chassis by first tinning the aluminum with a large 
soldering gun or iron. Generously coat the periphery 
of the air hole with a heavy oil (clean auto engine 
oil works fine) to keep the aluminum from being 
exposed to air, then sand the surface clean using or¬ 
dinary sandpaper or emery paper. Once cleaned, a 
hot iron (200 watts minimum) and rosin-core solder 
will tin the area beautifully. Then the copper screen 
can be soldered to the aluminum chassis. Practice 
this procedure first on some small aluminum scrap! 

A convenient way to provide cooling air is to 
mount the transverter on edge on a large, air-tight 
pressurized chassis. The air hole in the transverter 
plate-line enclosure should be placed over an equal¬ 
sized hole in the pressurized chassis. 

This chassis can also serve as a mounting platform 


and air source for the power supplies and LO chain 
components. ' 

Common vhf construction practice should be 
followed throughout including short component 
leads, quality component selection, and rigid 
mechanical assembly. In one case, a 1/16-inch 
(1.5mm) thick, 4-inch (10cm) square brass plate was 



Construction details of the grid bypess plate showing the sheet 
mica insulator cut out with an Exacto knife, and the insulating 
washers. 


used as the top plate of the plate line enclosure with 
good results. It is a good idea to sand bare the adjoin¬ 
ing surfaces of the plate line enclosure, top plate, 
and bottom plate, and use additional screws to 
assemble the top and bottom to assure good 


PlATf UNC 14 PlATf UHt PlATg LWtK 



fig 7 Three methods for building the plate tuning capacitor. C4. 


shielding. When assembly is complete, a close visual 
inspection and a VOM continuity check should reveal 
any obvious problems before applying power. 

tuneup and adjustment 

Initial testing can best be done using variable- 
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Plate line showing the plate collet (finger stock) and sheet mica 
insulator, right 


voltage power supplies to provide the plate voltage 
and grid bias. Since the grid will typically draw more 
than 50 mA, the bias supply must have a low im¬ 
pedance and be capable of maintaining constant out¬ 
put voltage under fluctuating load conditions. Apply 
filament voltage and cooling air, and after adequate 
filament warmup, gradually apply B + while wat¬ 
ching the plate current. Plate current should rise 
gradually, indicating normal tube conduction. In¬ 
crease grid bias to reduce plate current until a plate 
voltage of about 300 volts can be applied with suffi¬ 
cient grid bias to limit plate current to about 20 mA. 



fig. 8 Half wavelength transmission line filter for use with the 1296 
MHz transverter 


Under these conditions, gradually apply the LO 
drive to the cathode circuit. The presence of this 
signal will immediately be indicated by increased 
plate current. While not allowing plate current to rise 
above 100 mA, tune Cl, C3, and the LO chain for 
maximum plate current. Increase grid bias as re¬ 
quired to limit plate current to a safe value. 

At this point, depending on your LO frequency, 
you might be able to resonate the plate circuit to the 
LO frequency by adjusting C4. Thus the unit 
operates as an amplifier to verify the behavior of the 
plate and output circuitry. If your LO is above 1296 
MHz, tune toward minimum capacitance; if your LO 
is below 12%, tune toward maximum capacitance. 


Adjust C4, and the position of L5 and C5 for max¬ 
imum indicated output power at the LO fre¬ 
quency. 

Once cathode-line tuneup at the LO frequency has 
been accomplished and optimized, increase grid bias 
to reduce plate current to near cutoff — about 10 to 
20 mA. Leave this grid bias at this value; the objec¬ 
tive of this procedure is to bias the tube at or near 
cutoff (class AB or B) with plate voltage and LO drive 
applied but no i-f signal present. Now gradually apply 
a carrier at the i-f input and tune L2 for maximum 
plate current. Again, the presence of the i-f signal 
should immediately be indicated by increased plate 
current. 

If all's well at this point, the LO and i-f signals are 
present in the tube's plate line; all that remains is to 
tune the plate line to the desired mixer product with 
C4. This process can be greatly simplified by placing 
a low loss filter tuned to 12% MHz at the output of 
the transverter. An example filter of simple construc¬ 
tion is shown in fig. 8. 6 

The filter can be pre-tuned to 12% MHz by placing 
it in series with your 12% MHz receiving system and 
tuning for maximum received signal from a nearby 
12% MHz transmitter, the third-harmonic of a 432- 
MHz transmitter, the 9th harmonic from a 144-MHz 
transmitter, or any other convenient rf signal source. 
This assures that any transverter output observed 
with the filter present will be on the desired signal fre¬ 
quency, and that power measurements will represent 
true power at the desired signal frequency, not the 
sum of the power contained in all the trans- 
verter's mixer products! 

It is wise to leave the bandpass filter in the system 
to assure clean output. If, as is usually the case, your 
LO is lower than the desired mixer product on 12% 
MHz, simply back out C4, (tuning toward minimum 
capacitance or higher frequency) while watching the 
output of the transverter for a peak. Once this peak is 
found, tune all screws for maximum output power. It 
may require a fair amount of time and patience to get 
the feel for the effects of each adjustment, and may 
even require repeating the entire procedure with a 



The plate tuning capacitor. C4. it mounted under the plate line be¬ 
tween the two Teflon pillars. 
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Construction of the home made plate tuning capacitor C4 


number of available tubes — some fly and some 
don't! 

Once tuneup under reduced power conditions has 
been accomplished, full B + may be applied; values 
from 500 to 1000 volts have been used successfully, 
but with lots of forced air cooling! The tube must 
then be re-biased for an idling plate current of 10 to 
20 mA with LO but no i-f signal applied. Then in¬ 
crease CW i-f drive power up to the point of satura¬ 
tion (transverter output no longer increases with in¬ 
creasing amounts of i-f drive) and tune all adjust¬ 
ments for maximum output power. In the ssb mode, 
talk the transverter output up to an average of about 
half the maximum CW power output. Typical stage 
operating parameters are shown in table 2. The low 
efficiency is typical for this type of mixer circuit. 

The half-wave, bandpass filter can also be used to 
transform a 50-ohm transmitter output impedance to 
75 ohms to match the impedance of inexpensive, 

table 2. Typical operating parameters for the 1296 MHz transverter 
Output power was measured at the output of the bandpass filter 
with a calibrated Bird wattmeter and 50E slug 


Local oscillator power 

3 watts carrier 

I-f power 

4 watts CW 

Plate voltage 

+ 800 Vdc 

Plate current 

150 mA 

Rf power input 

120 wans 

Grid bias 

- 35 Vdc 

Grid current 

50 mA 

Rf power output 

17 wans 

Efficiency 

14% 


low-loss CATV coax. For 75 ohms simply space the 
tap 5/8 inch (16mm) from the line end. 

conclusion 

It is the intent of this article to describe a relatively 
simple and inexpensive method for the average 


amateur to get on 1296 MHz with enough power to 
make himself heard. Hopefully the ease with which 
this system can be put together will encourage more 
activity on the band and finally put to rest the myth 
that "you can't get there from here on 1296!" I am 
waiting now to hear from some hard-working and 
dedicated uhf buffs in Hawaii who would be in¬ 
terested in destroying the current 1296-MHz ter¬ 
restrial record once and for all! How about it out 
there, any takers? 
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Half wavelength transmission-line filter for 1296 MHz. Loss of 
the filter shown here is 0.4 dB. Dimensions are shown in fig 8 
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improved CW transceiver 


for 40 and 80 

Update of a circuit 
previously presented 
in ham radio — 
a complete break-in 
and electronic-keyer circuit 
have been added 
to make a truly 
effective station 
for traffic and contest work 

On Field Day 1968 I introduced a homebrew 10 - 75 
watt CW transceiver for 80 and 40 meters. It per¬ 
formed so well during the contest that Rich Klinman, 
W3RJ, immediately adopted it, improved it, and 
used it as a home station. Since then it has been in 
almost constant use and has survived many a rigor¬ 
ous adventure, finally winding up as my home 
station. 

An article describing the transceiver 1 , noted that 
the lack of break-in operation was one of its more 
annoying shortcomings. That deficiency has now 
been corrected, and an ultra simple, built-in elec¬ 
tronic keyer has been added to make the unit a truly 
complete CW station. 

This article describes the break-in system and 
keyer, both of which have some novel features. The 
objective is to stress the applicability of each to other 
homebrew or commercial equipment. It's not 
necessary to duplicate the original rig to use the ideas 


presented here. A casual inspection of the original ar¬ 
ticle reveals numerous areas in which present tech¬ 
nology could be used to simplify the hardware, but 
we're concerned here only with the functional im¬ 
provements that have been made. 

Many forms of T/R switching are passed off as 
“break-in;" perhaps the most common being those 
that switch the transmitter on when the key is 
depressed and transfer control to the receiver after a 
delay of an appreciable fraction of a second. These 
systems drop out upon a deliberate pause but not 
during normal sending, whereas a really useful 
system permits interruption by the receiving operator 
at any time. The circuit described here is of the latter 
type, in which full recovery occurs even between 
dots at normal sending speeds. 

To describe the break-in system, it's necessary to 
review a few details of the rig, which is a simple affair 
using a semiconductor, direct-conversion receiver 
with phase-shift sideband cancellation for single¬ 
signal reception. A 160-meter vfo with plug-in fre¬ 
quency multipliers for 80 and 40 meters provides 
excitation for both the receiver mixers and the 
vacuum-tube transmitter. The transmitter uses a 
12AU6 driver and a 1625 final-amplifier tube. Both 
transmitter stages are cathode keyed through a tran¬ 
sistor circuit that also provides sidetone and receiver 
audio blanking. Adjustable offset between transmit 
and receive frequencies is provided. 

In the original design, the T/R function was per¬ 
formed by a dpdt toggle switch. One pole of the 
switch transferred the antenna from receiver to 
transmitter; the other pole supplied dc voltage to the 
keying circuits and also selected one of two reed 
relays, which controlled the receive/transmit fre¬ 
quency offset. The receiving reed relay connected a 
front-panel incremental-tuning capacitor across the 
vfo tank, while the transmit relay substituted a fixed 
capacitance equivalent to the midrange value of the 
incremental control. 

All functions performed by the toggle switch must 
be duplicated at high speed by the key to achieve full 
break-in. Furthermore, a certain sequence of events 
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is necessary. The required sequence for a single dot 
or dash is: 

1. Blank receiver audio. 

2. Shift vfo frequency. 

3. Transfer antenna to transmitter. 

4. Turn on transmitter and sidetone. 

5. Turn off transmitter and sidetone. 

6. Transfer antenna to receiver. 

7. Reshift vfo frequency. 

8. Restore receiver audio. 

It is of course absolutely essential that antenna 
transfer and frequency shift be completed before 
activating the transmitter to avoid receiver damage, 
keying-waveform distortion, or the introduuction of a 
chirp. For the same reasons, the transmitter output 
must be allowed to decay fully before the reverse se¬ 
quence is initiated. The order of sequences 1, 2, 3 
and 6, 7, 8 is somewhat less critical; it's only 
necessary that audio blanking be initiated early 
enough and maintained long enough to block 
thumps due to front-end transients or received-signal 
chirps due to the vfo shift. In practice, simultaneous 
occurrence of the events yields satisfactory results if 
the transitions are fast. 

The most crucial aspect of break-in design lies in 
the antenna coupling method. Low-loss switching of 
the transmitter output without relays is difficult, so 
most break-in designs leave the transmitter 
permanently connected to the antenna and provide 
means for disconnecting or limiting the rf voltage to 
the receiver during transmit. A classical approach is 
that of a cathode follower with a large grid-leak 
resistance coupled through a small capacitor directly 
to the coax antenna feed line. Grid current flow in the 
follower develops a negative bias that limits rf 
voltage to the receiver. 

A serious disadvantage of feed line coupled 
receiver pickoff is the phenomenon of suck-out. The 
transmitter tank, usually a pi network, presents a low 
impedance to the feed line, thereby attenuating 
received signals. Such attenuation may be tolerable 
in receivers with a large gain and noise-figure margin 
but not in simple designs with limited sensitivity. 

One solution to the suck-out problem involves 
coupling the receiver to the plate side of the final 
tank, so that conditions that provide proper transmit¬ 
ter loading also maximize the received signal. The 
cathode follower may be so coupled if a capacitive 
divider is used to reduce the rf voltage applied to the 
grid to manageable proportions. An additional ad¬ 
vantage of the method is that the transmitter tank 
provides additional selectivity in the receiver front 
end, thereby improving rejection of out-of-band 
signals, which might produce intermodulation 
effects. 


For the CW transceiver, it was desired to use an 
all-semiconductor T/R circuit in the interest of con¬ 
serving filament power. It was also essential that no 
loss of gain be incurred and that the circuit introduce 
no intermodulation problems. These objectives were 
met using the hot-side coupling approach in conjunc¬ 
tion with a shunt-transistor clamping circuit to pro¬ 
tect the emitter-follower receiver pickoff. 

T/R switch. The T/R circuit is shown in fig. 1. A 
2N709 emitter follower, biased by network R1, R2, 
drives the low-impedance coaxial-line input to the 
receiver. Rf from the final tank is coupled to the 
2N709 base through a capacitor constructed from a 
4-inch (102mm) length of RG-58/U coaxial cable 
(capacitance approximately 10 pF). During receive, 
the 2N2222 shunt clamping transistor is inactivated 
by grounding the control line. 


PI NETWORK 



fig. 1. Solid-state T/R switch. In the original circuit (reference 1) 
transmit receive toggle switch. In the improved version shown 
here true break in is obtained using a 2N2222 and 2N709. 

For transmitting, +12 volts is applied to the 
control line. The resultant base current through R3 
turns on the 2N2222, decreasing the 2N709 base 
voltage to near ground and cutting off receiver 
coupling. When the transmitter tank rf voltage goes 
positive, the 2N2222 conducts more heavily while 
remaining saturated so that insufficient rf voltage ap¬ 
pears at the 2N709 base, which would cause energy 
transfer to the receiver. On negative rf swings, the 
2N2222 conducts to some degree, but the transistor 
gain under these conditions is poor and assistance is 
provided by diode CR1, which clamps the negative 
excursion at about one volt. 

The rf current that must be handled by the 2N2222 
and the clamp diode is a function of tank rf voltage, 
frequency, and the value of coupling capacitance. 
With 750 Vdc on the 1625 plate, the rf voltage 
approximates 750 V peak, and the resultant peak cur¬ 
rent through 10 pF is 165 mA at 3.5 MHz and 330 mA 
at 7 MHz. The2N2222 base current of about 22 mA is 
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sufficient to maintain saturation with collector cur¬ 
rents of these magnitudes. 

An interesting aspect of the circuit is that the 
shunt transistor and clamp diode need not have 
spectacular rf response; in fact, a long storage time 
in the transistor aids to maintain saturation and 
reduces base drive requirements. During receive, 
both transistor and diode are cut off and are totally 
out of the act; therefore they contribute no loading 
or distortion on high-amplitude signals. The 2N709 
follower is degenerative and has good linearity. 

It is essential that the control voltage always be 
applied during transmit; a few microseconds at 750 


TO 



fig. 2. Sequencer circuit for CW trensceiver break-in operation. Con¬ 
nect Q1-14 to + V and Q1-7 to ground. Q1 is a CD4011AE. All diodes 
are 1N4148. All resistors are in ohms ±10% 'h watt unless noted 
otherwise. All capacitors in /iFSO WV unless noted otherwise. 


volts will wipe out the whole semiconductor comple¬ 
ment! There is a slight difference in optimum tuning 
points for transmit and receive because the 10-pF 
coupling capacitor appears as part of the tank 
capacitance during transmit. The effect is small and 
may be ignored if tuning is set for optimum trans¬ 
mitter loading. Sensitivity with the T/ R circuit is con¬ 
siderably better than that achieved with the receiver 


coupled directly to the feed line (transmitter discon¬ 
nected), and hash from upband shortwave broadcast 
monsters is to some degree attenuated. 

Sequencer. The sequencing portion of the break-in 
system employs an RCA CD4011AE quad cmos 
NAND gate in a somewhat unorthodox delay circuit 
(fig. 2). The transmitter keying signal, taken from the 
output of gate QIC, is held in the high (transmitter 
off) state until both inputs of QIC go high. One in¬ 
put, supplied through inverter Q1B, is high when the 
key is closed; the second input goes high after a 
delay determined by R1C1. Thus, transmitter turn-on 
is delayed, but turn-off occurs immedately upon 
opening the key. On the other hand, the blanking, 
T/R, and shift functions are controlled by gate Q1A 
which goes high immediately upon key closure but is 
held high after key release by voltage fed back 
through the delay network R2C2. The delay net¬ 
works include shunt diodes for fast restoration of 
quiescent conditions. Diode CR3, a redundant safety 
feature, prevents transmitter turn-on in the event 
that T/R control voltage is lost. 

The rf portion of the original reed relay frequency- 
shift circuit was left intact. The miniature reed relays 
(which operate in less than a millisecond) are driven 
by 2N2907 buffers, with the fourth cmos gate used 
as an inverter for transmit shift. Receiver audio 
blanking (not shown) consists of a 2N3565 npn tran¬ 
sistor shunted across the volume control. 

Keying circuit. The transmitter cathode keying cir¬ 
cuit (fig. 3) requires comment. In the original design, 
the 12AU6 and 1625 were keyed through separate 
transistors, with the cathodes unreferenced to any 
fixed voltage under key-open conditions. Despite the 
fact that no backwave was present with this circuit, 
severe interference with receiver operation resulted 
when the T/R switch was installed. It was necessary 
to key both stages from a common transistor (40327) 
and to bias the cathodes to approximately +100 
volts under key-open conditions. Positive bias is ob¬ 
tained from network R3, R4, and R5 which also 
supplies the driver screen; the excitation-control pot, 
which was always set at maximum, was eliminated. 
Finally, the electrolytic keying-lag capacitors, which 
were of insufficient voltage rating, were replaced by 
a 1 jiF, 400-volt paper capacitor. 

Construction. Layout and construction of the 
break-in system is noncritical except for the T/R por¬ 
tion. This circuit must be located near the final tank 
but should be shielded from direct coupling to it. An 
ideal spot is on the grid side of the final-amplifier par¬ 
tition, with the coaxial coupling capacitor 
feeding through or looped around the partition. The 
T/R transistor circuitry should be compact. 
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fig 3. Transmitter keying circuit for transceiver break in operation 
All resistors are in ohms t 10% unless noted otherwise. All 
capacitors are in nf 200 WV unless noted otherwise 


Performance. Operation is a CW man's delight. 
Aside from its harmonic content the sidetone signal 
sounds like any other on the band, and the merest 
tap on the receiving operator's key brings a 
screeching halt for "fills." Messages no longer need 
to be preceded by the frowned-upon "no QSK 
here," and DX is no longer called unwittingly from 
beneath somebody else's kilowatt. Contest operation 
is a breeze. 

Various improvements will no doubt occur to the 
reader. For example, in a new design it would be 
logical to use a varactor diode for incremental 
tuning and frequency shift; this modification could 
be made with minor changes in the break-in circuit. 
Limitations of the system will also be apparent in an 
all-band transmitter; the clamp current might be 
excessive at the higher frequencies unless the 
coupling capacitance is reduced, resulting in loss of 
sensitivity at the lower frequencies. A compromise 
value for the capacitance should be possible. 

cmos keyer 

The cmos keyer (fig. 4) uses two low-cost 
CD4001AE quad 2-input NOR gates. Two of the 
gates (Q1A and Q1B) are used as the time-base 
multivibrator, and the remaining gates (QIC and 
Q1D) form a dash flip-flop. Three of the remaining 
gates are used to synthesize a three-input NOR gate 
as required for dash control; the last of the eight 
gates controls the time-base multivibrator and also 
provides keyer output. Keyer output is positive (at 
the supply voltage) for space and at ground for 
mark, as required by the transceiver. Inversion or 
level-shifting circuitry could be added easily to adapt 
the circuit to other forms of keying; or a transistor 


driver could be added for relay keying. 

Operation of the circuit is as follows: under quies¬ 
cent conditions, Q1A is low, Q1B is high, QIC is low, 
Q1D is high, Q2C is low, and Q2D is high. If the dot 
input is momentarily grounded, Q1A goes high, 
thereby causing Q1B and Q2D to go low, initiating a 
dot. If the key is released, the action stops after one 
dot because Q2D goes high again and locks Q1A in 
the low state; but if the key remains closed, the 
multivibrator runs free and produces a string of dots. 

If the dash input is grounded, a different sequence 
takes place. One side of flip-flop (QIC) receives a 
positive pulse of width determined by R1C1 each 
time a character is initiated. The effect of this pulse is 
to keep QIC in the low state so that it has no effect 
on the operation of Q2D. However, the dash input 
feeds both the multivibrator and Q2A; grounding of 
the input to Q2A allows a positive pulse (of length 
determined by R2C2) to be fed Q1D at the same time 
QIC is being reset. Since time constant R2C2 is 
longer than R1C1, Q1D conducts and the flip-flop 
changes state, thereby clamping Q2D in the low con- 



Cmoa keyer board mounted on the sidewall near the transceiver 
front. The Bendix connector to the keyer paddle and speed 
control pot are shown above the circuit board. A frequency spot 
ter (not mentioned in text) is also on this board. 


dition. Q2D remains low throughout the first 
multivibrator dot-space cycle; the flip-flop is reset at 
the beginning of the second cycle, but Q2D remains 
low because Q1A is again high. Thus, Q2D remains 
low for a period equal to dot-space-dot, as required 
for proper dot-dash ratio. 

The connection from QIC to Q2C prevents 
spurious setting of the flip-flop on the second 
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fig. 4. An ultra simple cmos keyer. The circuit uses two low-cost CD4001AE quad 2-input NOR gates. A triple 3-input NOR gate (CD4025AE) may 
be substituted for 02, which allows an output for other functions. 


multivibrator cycle. The 100k resistor in series with 
gate diode CR1 guarantees dash flip-flop setting at a 
higher voltage across the key than that required to 
start the multivibrator, which eliminates a tendency 
toward production of dots from the dash side; this 
occurred occasionally with dirty contacts. 

Keying weight is determined by the multivibrator 
duty cycle. This, in turn, is related to the cmos input 
threshold voltages, which should be half the supply 
voltage for the desired 50% on time. Since cmos 
thresholds do vary (from about 33% to 67% of 
supply), some experimentation may be necessary to 
determine the best pair of gates for the 
multivibrator.* Duty cycle can be measured by con¬ 
necting a high-impedance multimeter or vtvm to the 
keyer output; the meter will read half the supply 
voltage on high-speed properly balanced dots. 

Construction. The keyerwas constructed on a piece 
of glass epoxy circuit board without copper. Holes 
were drilled for component leads (including the 1C 
pins). The components were inserted and leads 
crimped over. Point-to-point solder connections 
were made with small bus wire covered with Teflon 
sleeving. 

This is admittedly a cheap-and-dirty construction 
but it has survived all kinds of banging around 
without failure. The circuit board and speed control, 
R3, are mounted on an inside wall of the transceiver. 
The key paddle was connected through a 3-wire 

* It is also possible to modify the multivibrator circuit to permit 
adjustment of the duty cycle. See RCA Application Note 
ICAN-6267. 


cable and connector. In the transmitter keying circuit 
(fig. 2), a diode prevents the keyer from interfering 
with straight-key operation. 

Performance. The keyer performs beautifully 
despite its simplicity. It draws no measurable current 
in the standby mode and only a fraction of a milliamp 
when running full tilt. The supply voltage is not 
critical; any voltage from less than 6 to 15 volts can 
be used. The upper limit is imposed by maximum 
cmos ratings. The speed, which is adjustable from 
less than 10 to more than 70 wpm, is nearly in¬ 
dependent of the supply voltage. With the key line 
RC filtering shown, there's no problem due to rf 
pickup. 

The reader with a selection of cmos devices may 
wish to substitute a triple 3-input NOR gate, type 
CD4025AE, at Q2 in fig. 4. In this case, one of the 
three gates replaces Q2A, Q2B, and Q2C; the 
second (with two of its inputs tied together) replaces 
Q2D, and the third remains free for output inversion 
or other desired functions. However, if cmos is to be 
purchased specifically for the keyer, it’s better to stay 
with the two CD4001 AEs to provide a wider choice of 
multivibrator gates. 
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We’ve just made the impossible... 
a professional 3% digit DMM Kit for less than $ 60. 



The Sabtronics Model 2000 is an impossible $59 95! 
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and professional features. 
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high-resolution 

spectrum analyzer 


for single sideband 

All you need 
is an oscilloscope 
and the simple circuits 
described here 
to display 
quantitative information 
about your 
ssb transmitter 


Most amateurs keep abreast of recent developments in 
ssb transmitters and transceivers and, if you're like I am, 
you wonder how your equipment stacks up against the 
current crop. Such information, aside from boosting or 
busting your ego, can help you decide when equipment 
performance has improved enough to justify purchasing 
or building a new rig. 

One of the most prominently reported performance 
parameters in equipment-review articles is intermodula¬ 
tion distortion (IMD). Often the IMD performance of an 
ssb exciter or linear amplifier is displayed as a photo 
taken from the CRT of an ssb spectrum analyzer. It 
occurred to me more than once that it would be 
desirable to be able to produce this kind of photo in my 
own station. The big hangup has been the lack of a 
high-resolution ssb spectrum analyzer. 

This article describes the technique and hardware to 
allow the presentation of ssb transmitter IMD products 
on your oscilloscope. The hardware will cost less than 
$15 if you purchase everything new, and assembly 
should take no longer than one or two evenings. No 
permanent modifications to any of your other equip¬ 
ment will be required. 

Also, for anyone not desiring to display the IMD data 
on a spectrum analyzer, a simpler (no cost) technique is 
described that will yield the IMD data to be recorded 
manually. 

Most amateurs are familiar with the terms spectrum 


analyzer and panoramic adapter (Panadapter). Many 
have such units which have been obtained through 
military surplus or purchased new. Most of this equip¬ 
ment falls into the panoramic adapter category as 
defined in a QST article on the Heath SB-620 Scan- 
alyzer. 1 Reference 1 differentiates between the two 
types of instruments, describes the basic theory of 
operation, and points out the most important 
performance limitations. That material will not be 
repeated here, but you're encouraged to consult 
reference 1 before proceeding further. For those inter¬ 
ested in the history of spectrum analysis, more detail 
concerning analyzer design, or various analyzer applica¬ 
tions, references 2, 3, 4, and 5 are recommended. 

Since most of the units in the hands of amateurs are 
low-resolution devices (broad i-f bandwidths), they are 
not suitable for analysis of narrowband signals such as a 
two-tone test signal transmitted by an amateur ssb 
transmitter. Such an analysis requires a spectrum 
analyzer with a maximum resolution appreciably better 
than the spacing between the two tones. Laboratory- 
grade instruments costing thousands of dollars and 
designed for this purpose of course do the job handily. 
At present, the only alternative to the amateur is to buy 
the Heath SB-620 which, from its specifications, should 
provide the measurement of IMD product levels. The 
previous Heath Ham-scan (Model HO-13) instrument 
does not have sufficient resolution to perform these 
measurements. 

The technique and hardware described below will 
enable the amateur not having a Heath SB-620 or access 
to a laboratory ssb spectrum analyzer to make scope 
presentations of transmitter IMD performance much like 
those seen in the equipment reviews of QST. 

theory of operation 

The block diagram of a spectrum analyzer is shown in 
fig. 1. To undertake construction of this whole system 
would be a major project. However, if you consider this 
block diagram in terms of equipment already present in 
many amateur stations, the problem becomes manage¬ 
able. The blocks in the upper dotted box are part of 
most amateur receivers. The term narrowband i-f is of 
course relative, and the requirements of this particular 
application are discussed later in more detail. For the 
present, let's consider that narrowband means the 
narrowest selectivity position provided by the typical 
high-quality receiver or transceiver. 

The blocks in the lower dotted box of fig. 1 are part 
of all oscilloscopes. Some sweep generators are triggered; 
some are recurrent. Some vertical amplifiers are ac- 
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coupled only; others are dc-coupled. The scope sawtooth 
may or may not be brought out to the front panel. All 
these factors will affect the ease with which a particular 
oscilloscope can be adapted to this application; however, 
the basics are all there. 

The two blocks in fig. 1 not included in either your 
receiver or oscilloscope are the swept oscillator and the 
detector. You may argue that your receiver has a 
detector and indeed it does. As we shall see, though, it's 
output is not easily accessible in a form that would be 
useful for spectrum-analyzer work. 

The receiver does have one or more local oscillators. 
If a way could be found to easily sweep this oscillator or 
oscillators one of our unaccounted-for blocks would be 
accommodated. Likewise, a detector can be a simple 
diode and filter network if we can determine the appro¬ 
priate place to connect it. 

Swept oscillator. Since a typical ssb two-tone test will 
employ tones from 1 to 2 kHz apart, and most applica¬ 
tions will require the observation of only third- and 
fifth-order IMD products, the maximum sweep- 
frequency range required is 10 kHz. If you're interested 
in high-order products or wider tone spacing, the sweep 
frequency range will have to be increased. 

Most modern amateur receivers are double-conversion 
superhets with a crystal-controlled first local oscillator 
(LO) and a variable-frequency second LO. Typical of 
this arrangement is the Collins 75S-3. The variable 
frequency oscillator (vfo) in this receiver is permeability 
tuned with a vacuum tube as the active device. It tunes 
from 2.7 to 2.5 kHz to give 200-kHz-wide bands. I 
decided it would be easier to vary the vfo frequency the 
required 10 kHz rather than that of the crystal- 
controlled first LO. 

The vfo in the 75S-3 is a Colpitts oscillator; the basic 
circuit is shown in fig. 2. Collins biases diode CR1 on or 
off to achieve the proper vfo offset frequency when 
switching sidebands. I decided to use this same point 
(cathode of the oscillator tube) to apply my variable 
reactance, thus achieving swept-frequency operation. I 
elected to use a voltage-variable capacitance diode 
(varactor) as the variable-reactance source. The varactor 
tuning diode displays a varying junction capacitance as 
the reverse bias across a P-N junction is changed. (For 
more details on varactor diodes, see references 6-9.) 

The varactor tuning diode is placed in the circuit of 



Top view of the Collins 75S-3 with sweeper module installed 


fig. 2 so that the variable capacitance is from the tube 
cathode to ground. Bias voltage is obtained from a fixed 
battery source. The oscilloscope sawtooth output gives a 
repetitive excursion over a precisely set range of voltages 
that can be selected to yield the desired sweep frequency 
range. 

Detector. As discussed previously, the receiver has a 
built-in detector; it puts out an audio tone near 1 kHz 
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fig. 1 Basic block diagram of a spectrum analyzer. 

whenever a signal is in the CW filter passband. This signal 
could be directly displayed on your oscilloscope, but the 
display would not be what is normally seen on a 
spectrum analyzer screen. You would see something like 
the display represented in fig. 3A as opposed to the 
more normal presentation of fig. 3B. The waveform 
filling the pips is the unfiltered 1-kHz audio tone. 

For this application, I added an external diode 
detector (driven by the 1-kHz audio tone), a filter to 
remove any 1-kHz signal in the output, and a logarithmic 
shaping circuit to provide the desired dynamic range on 
the analyzer screen. The block diagram is shown in fig. 4. 
The hardware is built into the black plastic cover of a 
standard 1/4-inch (6.5mm) phone plug. 

system requirements and limitations 

The successful implementation of this system has 
several prerequisites. First, you must have a receiver or 
transceiver with adequate selectivity. The selectivity 
required is typically a 6-dB bandwidth no greater than 
1/4 to 1/5 of the frequency to be resolved. That is, for 
1-kHz tone spacing, the 6-dB i-f bandwidth should be 
200-250 Hz or less. If you use a receiver with a 400 to 
500-Hz, 6-dB bandwidth, don't plan to resolve tones 
much less than 2-kHz apart. Using this rule of thumb, no 
trouble should occur in resolving IMD products down at 
least 40 dB from a single tone. 

Although I’ve not experimented with receivers having 
their narrow selectivity at the audio-output frequency, it 
should be possible to use them for this application 
providing care is used to keep signal levels low enough to 
prevent saturation of any stage preceding the selectivity. 
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The second prerequisite is that you must disable the 
age system in your receiver. If the age system isn't 
disabled, low-level signals adjacent to high-level signals 
on the display will be artificially depressed. If your 
receiver doesn't have a front-panel switch to turn off the 
age, you can determine from the schematic where to 
break the loop. 

Finally, the oscilloscope should have dc-coupled 
vertical amplifiers with a sensitivity of at least 100 
mV/cm. The sawtooth voltage used to sweep the 
electron beam horizontally across the CRT should be 
brought out to a terminal on the front panel for use in 
sweeping the receiver vfo. 

Possible system limitations include the lack of an rf 
gain control on the receiver; this control is desirable to 
limit the signal level to a point where all stages in the 
receiver operate linearly. (This function can be 
performed by a variable attenuator preceding the 
receiver.) Also, when measuring the IMD of a transmitter 
located close to your receiver, you must watch for 
chassis-to-chassis leakage above acceptable limits. This 
will be a problem particularly with transceivers if you 
get past the initial problem of operating the receiver and 
transmitter portions simultaneously. I strongly recom¬ 
mend that in all tests conducted with this technique, 
provision be made to place the test transmitter at some 
distance from the analyzer receiver, with the transmitter 
output attenuated and brought to the receiver through 
coaxial cable. 

circuit details 

The circuit is built in two separate modules: the vfo 
sweeper and the output signal processor. The sweeper 
circuit is shown in fig. 5. The MV-1404 varactor tuning 
diode is in series with capacitor Cl. This series combina¬ 
tion provides capacitance from the oscillator-tube 
cathode to ground, and thus a variable frequency. The 
varactor diode is biased by the 1.5-volt battery through 
R2, R3, and R4. The scope sawtooth (typically 100-150 
volts) is reduced by the voltage divider composed of R1 
in series with R3 and R'4. The attenuated sawtooth is 
then applied to the diode through R2. 

R3 adjustment determines the portion of the 



fig. 2 . Basic vfo circuit of the Collins 75S-3. 


capacitance-versus-voltage (C-V) characteristic of the 
diode over which it operates. In general, it is desirable to 
adjust the bias and the sawtooth amplitude so that the 
most linear portion of the C-V curve, which will allow 
the required 10-kHz sweep range, is being used. 


All component values may be varied, as those listed 
are not the only ones that will provide proper sweep 
operation. If you use another varactor tuning diode, 
you'll have to design the circuit values as described 
above, using the C-V characteristics of the device you 
choose. For the economy-minded, the least-expensive 
tuning diode can probably be obtained using the 
technique described in reference 7. 

The output signal processor schematic is shown in fig. 
6. Diode CR1 rectifies the 1-kHz audio output. The 



fig. 3. Spectrum-analyzer display when using a receiver detector, 
A; at the right is the same display on a more conventionel spectrum 
analyzer. 

signal is filtered by R1, Cl. This low-frequency signal is 
then processed by the logarithmic shaping circuit 
consisting of R2, R3, CR2, and CR3. Operation of this 
shaper circuit depends on the fact that the junction 
voltage developed across the diodes has a characteristic, 
proportional over a large dynamic range, to the loga¬ 
rithm of the current applied. The 56k-series resistor 
allows the diodes to operate in a current-driven mode 
when being driven by the detector output voltage. 

construction 

The sweeper module is built on a piece of Vector 
board with holes on 0.1-inch (2.5mm) centers. The size 
of the board depends primarily on the size of the bias 
battery and its holder. Since only six small passive 
components are mounted on the board in addition to 
the battery, there's no reason for a large board if you use 
a battery smaller than the size AA cell shown in the 
photo. Those with facilities to produce PC boards should 
be able to lay out and etch this one in short order. 

For installation in the Collins '75S-3, I epoxied the 
board to the top lip of a-Pomona Electronics model 
TVS-7 test socket adapter. You'll have to punch a 
5/8-inch (16mm) hole in the board to do this. The 
oscillator tube can now be removed from the receiver, 
inserted into the sweeper socket, and the whole 
assembly can then be plugged into the orignal tube 
socket. When adapting this scheme to other receivers, 
take care to select board and battery size that will fit 
into available space. For receivers that use a solid-state 
oscillator, it may be desirable to build the sweeper 
module on the smallest possible piece of board and 
install it permanently in or near the receiver vfo. No 
special board layout problems should be encountered, 
but keep the leads to Cl and CR1 as short as possible. 
The layout in the photograph is quite satisfactory. All 
wiring was point-to-point. Components were mounted 
on one side of the board with wiring on the reverse side. 

The output signal processor was built into the handle 
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of a standard 1/4-inch (6.5mm) phone plug. Use the 
large plastic handle type, not slim-line or right-angle 
types. The resistors are 1/4-watt and Cl is a miniature 
electrolytic. Pigtail leads work quite well with a typical 
oscilloscope test probe. You may want to affix a 


AUDIO 

INPUT 



OSCILLOSCOPE 


fig. 4. Block diagram of the output-signal processing system. 


permanent output cable with a connector compatible 
with your scope; any length cable can be used. 

test and operation 

The only alignment required is for the sweeper 
module sawtooth-level adjustment. If you use any of the 
Collins S-Line gear and the components specified, the 
approximate value of R3 (fig. 5) is 3200 ohms. If you're 
using other equipment with a different vfo frequency, 
you'll have to use other values for R3, R4, and possibly 
Cl and the tuning diode. Just follow the general rule of 
using the most linear portion of the diode C-V character¬ 
istic that will allow the required 10-kHz sweep range. 

When making your final adjustments to R3, display 
one of the receiver calibrator markers on the analyzer 
screen. You should be able to place the marker on the 
left or rightmost graticule line and, (assuming a 10-cm 
graticule) by tuning the receiver 10-kHz in the proper 
direction, move the marker to the other side of the 
graticule ±1 small division (20mm). A more demanding 
test of horizontal linearity and sweep range adjustment 
can be obtained if you have a counter or 1-kHz dial 
markings on the receiver vfo dial (such as on the 75S-3). 
With the marker positioned at any one of the cm marks 
across the graticule, you should move the marker hori¬ 
zontally on the display 1 cm for each 1-kHz rotation of 
the dial. Likewise, the rotation of the dial through 10 
kHz should move the marker across the entire 10-cm 
graticule ±1 small division. Adjust R3 and, if necessary, 
the bias voltage to achieve this. 

No adjustment is made of the signal processor output 
amplitude. This is a function of the receiver rf and af 
gain control settings, rf input signal level, and oscillo¬ 
scope vertical amplifier sensitivity. These controls are set 
at the beginning of a series of measurements. 

A typical spectrum analyzer test setup is shown in fig. 
7. A two-tone oscillator is required to drive the audio 
input of the test transmitter. Several good articles on the 
subject have been published, including those by Hank 
Olsen 10 and Ray Colvin. 11 

Tune the transmitter for desired test power level and 
terminate the transmitter into a high-power attenuator 
or a dummy load with an rf coupler to sample the rf for 
the spectrum analyzer. Locate the test transmitter away 
from the spectrum-analyzer receiver to prevent un¬ 
wanted coupling. The power attenuator output or 
sampled rf should be fed to the receiver through a 
low-power step attenuator. 

Remove the receiver vfo tube, insert it into the 


sweeper module, and install the sweeper in the vfo tube 
socket. Connect a lead from your oscilloscope sawtooth 
output to the sweeper input terminal. Be sure to ground 
the sweeper to the receiver chassis ground. Insert the 
output signal processor into the phone jack and connect 
its leads to the oscilloscope vertical input. Be sure the 
receiver and oscilloscope have a common chassis ground. 

You are now ready to display the two-tone test signal 
with its associated IMD products. Adjust the vertical 
amplifier sensitivity to approximately 100 mV/cm. 
Adjust the scope controls for the clearest trace possible. 
Key the transmitter and adjust the receiver tuned fre¬ 
quency near the transmitter output frequency. You'll 
find that the receiver calibration will be low by 10 to 15 
kHz because of the minimum capacitance added to the 
vfo circuit by the sweeper module. It may be easiest to 
tune the receiver with the audio output coupled to your 
speaker. 

After you hear the two-tone signal being swept, you 
can then plug the output signal processor into the phone 
jack. Adjust the receiver rf gain control and the step 
attenuator for the equivalent of an S9 to S9+20 dB 
signal. Be sure to turn the receiver age control off\ 
Adjust receiver rf gain, af gain, and oscilloscope vertical 
sensitivity to get a 40-dB dynamic range on the CRT. 
This can be accomplished by setting the rf and af gain 
controls to bring the two-tone test signal just barely out 
of the noise with the step attenuator increased 40 dB 
beyond a reference setting. Then, after returning the 
attenuator to the reference setting, adjust the af gain and 
scope vertical sensitivity for a full screen display. Repeat 
this procedure several times, and you should have the 
controls set for a 40-dB dynamic range. 



fig. 5. Sweeper module schematic. All resistors are % watt. 


Defining the maximum signal as 0 dB, you'll find that 
the linear display distance for the first 10-dB increment 
down is not as great as for the second 10-dB increment, 
and so on down through the fourth 10-dB increment. 
This is normal operation and is the price paid for using a 
relatively simple log shaping circuit. Using a circuit that 
would give a 10-dB/cm display over the entire 40-dB 
dynamic range would increase complexity and cost by 
several times and was not considered worthwhile. 

If your step attenuator has 1-dB increments, you can 
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use it with the O-dB reference point at the top of the 
display to calibrate any point to the nearest dB. For 
most tests, 10-dB calibration marks on the CRT will be 
adequate. Examples of this type of calibration are shown 
in the section on results. 

spectrum analysis without hardware 

Earlier I stated that a no-cost method of obtaining 
the IMD performance of a transmitter would be given. 
The test setup for this method is shown in fig. 8. The 



Close up view of the sweeper module showing the small number of 
parts required The unit is plugged into the VFO tube socket 


same setup as before is used. In this case, the sweep 
action is accomplished manually by tuning the receiver 
vfo. The amplitude display is the S-meter. It is not 
necessary to disable the age for this method. 

After the test transmitter is keyed with a two-tone 
input signal, tune to either of the two tones using the 
most selective i-f bandwidth available. If you have 100- 
to 250 Hz CW selectivity, you can resolve tones spaced 1 
kHz apart to at least 40 dB. If you have 400- to 500 Hz 
selectivity, you can resolve tones spaced 2 kHz apart. If 
your receiver has 1-kHz dial calibration, this test is a lot 
easier to perform. For instance, if you use 1-kHz tone 
spacing, the two desired tones will be 1 kHz apart; and 
third-, fifth- and higher-order IMD products will be 
spaced at 1-kHz increments above or below the highest 
and lowest of the two desired tones respectively. 

Set the step attenuator and receiver rf gain control so 
that the S-meter reads about S9+20 dB (this may vary 
depending on your S-meter characteristics). Just be sure 
you're not hitting the receiver with so much signal that 
it is saturating. 

Now tune to the desired IMD product and use the 
step attenuator and rf gain control to set the level of this 
IMD product to a reference point on the S-meter, such 
as S-2 or S-3. Keep in mind that you can't increase the 
signal input to the receiver through the step attenuator 
to any great extent or the desired tones will saturate 
some portion of the receiver or desensitize it. 

Now, retune to the closest desired tone. Increase the 
step attenuator setting until the desired tone is reduced 
to the reference level previously set for the IMD product 
(S-2 or S-3). The increase in attenuator setting is the 


number of dB that particular IMD product is below a 
single tone. To obtain the number of dB below PEP 
output, add 6 dB. Each IMD product (third, fifth, 
seventh, etc., on each side of the desired tones) must be 
measured using the above procedure. 

This method requires a lot of manual effort but yields 
the same basic data as does the spectrum analyzer. The 
advantage of this method is that the only equipment 
required is a step attenuator and a receiver with good 
CW selectivity. 

results 

The ssb spectrum analyzer, built around the vfo 
sweeper and output signal processor modules, a Collins 
75S-3 receiver with 250-Hz crystal filter, and a Hewlett- 
Packard model 1 70A oscilloscope have been in use at my 
station for about a year. Results have been gratifying. 
The 250-Hz, 6-dB bandwidth of the 75S-3 CW position 
allows me to resolve two signals 1 kHz apart to better 
than 40 dB on the spectrum analyzer screen. 

Examples using a signal generator and the 32S-3 trans¬ 
mitter. Fig. 9A shows the spectrum of the 
SG-823/URM-144 two-tone test signal generator. This 
test set transmits two tones spaced a variable audio 
frequency apart. The generator is specified to have all 
IMD products down greater than 60 dB. This particular 
display is set up for a dynamic range slightly greater than 
40 dB, and no IMD products are visible. This is what the 
perfect SSB transmitter output would look like! In this 
figure, the two tones are about 2 kHz apart. Ten-dB 
calibration marks are seen on the vertical centerline and 
at the side of the picture. The horizontal scale factor is 1 
kHz/cm, and the sweep rate is 100 ms/cm. 

Fig. 9B is a multiple-exposure photo of the same 
two-tone signal generator output with the signal level 
into the spectrum analyzer reduced 10 dB for each 
successive exposure. Note that the 0 dB reference is on 
the second horizontal graticule line from the top. The 
first 10-dB increment is not the same linear distance 
down on the screen as the succeeding 10-dB increments. 
A grease pencil was used to mark each 10-dB calibration 
point on the CRT face; these points were then trans¬ 
ferred to the side of the picture. 

Fig. 9C shows the spectrum of a Collins 32S-3 trans¬ 
mitter operating at maximum PEP output (117 watts). 
The frequency is 4 MHz and tone spacing is 1 kHz. The 
third-order IMD products on either side of the desired 
two tones are 31 dB down from a single tone (37 dB 
below PEP, which was determined using the step 
attenuator). The fifth-order products are barely visible 1 
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fig 6 Output signal processor schematic All resistors are % watt 
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kHz on either side of the third-order products; they are 
just beginning to emerge from the noise. The horizontal 
scale is 1 kHz/cm and the sweep rate is 100 ms/cm. 

Fig. 9D is the time-domain equivalent of the 32S-3 
output pictured in the frequency domain of fig. 9C. This 
is the classic two-tone-test scope picture that amateurs 
strive to obtain from their ssb transmitters. The picture 
tells you that the transmitter is performing properly; but 
the previous picture, in the frequency domain, tells you 
much more quantitatively and will alert you more 
quickly that something is deteriorating IMD perform¬ 
ance. This picture has a horizontal scale factor of 1 
ms/cm. The frequencies of the two test tones are 1 kHz 
and 2 kHz. Note the 10-dB calibration marks on the 
vertical centerline used for the spectrum-analyzer 
display. 

Example using an exciter-amplifier combination. Fig. 

10A is the spectrum of a homebrew linear amplifier 
driven by the 32S-3 and operating well within its 
500-watt PEP output ratings. Tone spacing is 1 kHz. 
Only the third-order IMD products are visible, which are 
35 dB down (verified using the step attenuator). As 
before, the horizontal scale is 1 kHz/cm and sweep rate 
is 100 ms/cm. 

Fig. 10B is a time-domain photo taken under the 
same transmitter conditions as for fig. 10A. As in figs. 
9C and 9D, the frequency-domain photo gives much 
more quantitative information. The horizontal scale for 
fig. 10B is 1 ms/cm and the vertical scale is 200 mV/cm. 



fig. 7. Typical test setup for measuring intermodulation distortion 
of an ssb transmitter. 


Fig. 10C is of the same linear amplifier-exciter combi¬ 
nation used for fig. 10A. In this case, however, the 
equipment was purposely misadjusted. Note that the 
third-order IMD products are now only 19 dB down. 
The fifth-order products have increased and are 33 dB 
below a single tone. The seventh-order products are just 
barely visible at the noise level. No final amplifier grid 
current was flowing under the operating conditions but 
15 mA (positive) more screen current than normal is 
flowing. Whenever you see a two-tone test spectrum 



fig. 8. Test setup for a no-cost intermodulation distortion measure¬ 
ment method. 

proportioned like this, you can be sure something is 
defective or out of adjustment. The tone spacing used 
here was 1 kHz, horizontal scale is 1 kHz/cm, and the 
sweep rate 100 ms/cm. 

Fig. 10D is a picture taken under the same conditions 
as those of fig. 10C. The difference is that the display 
has been enlarged to fill the picture horizontally. The 
effective sweep speed in fig. 10D is 50 ms/cm; however, 
in this mode of operation the oscilloscope horizontal 
amplifier gain was increased by a factor of two — thus 
no loss of resolution occurred. The horizontal scale is 
0.5 kHz/cm, and the vertical-scale 10 dB marks are as 
before. If I had left the sweep magnification at XI 
(normal) and simply changed the sweep speed control to 
50 ms/cm, the display would have occupied the same 
position as in fig. 10C but resolution would have been 
lost (i.e., the pips would have overlapped). Note the 
ripple on the pips. This is a result of a small portion of 
the 1-kHz receiver detector audio tone passing through 
the lowpass filter in the output signal processor. I prefer 
the appearance of the display in fig. 10C; 10D looks a 
little busy plus the fact that with this expanded hori¬ 
zontal scale you can't see IMD products beyond the 
fifth-order. 

Examples with equipment misadjusted. Fig. 11A is of 
the same transmitter as figs. 10A and C. In this case, the 
amplifier was misadjusted and the ale loop disabled. 
Approximately 25 mA (positive) more screen current 
than normal was flowing and 0.2 mA of grid current was 
flowing. The results are degradation of the third-order 
products to 16 dB below a single tone. The fifth-order 
products are about the same as those in fig. 10C, but the 
seventh- and ninth-order products are approaching the 
-40 dB level. The horizontal scale factor is 1-kHz/cm; 
sweep rate is 100 ms/cm. 

Fig. 11B shows the time-domain display corre¬ 
sponding to the conditions of fig. 11 A. It is obvious 
from this photo that something is wrong with trans¬ 
mitter adjustment. I believe you will agree, however, 
that there is not as much difference between figs. 9D or 
10B and this one as there is between 9C or 10A and 
11 A! The horizontal scale factor is 1 ms/cm and the 
vertical scale is 200 mV/cm. The two tones are 1 and 2 
kHz. 

Example using a phasing-type exciter. Fig. 11C is the 
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fig. 9. Examples using a two-tone test signal generator and the Collins32S-3 transmitter. 

A. Spectrum of an SG 823/URM 144 two-tone signal generator. Tones are about 2 kHz apart. Horizontal 
scale: 1 kHz/cm: sweep rate 100 ms/cm. 

B Multiple exposure photo of the SG 823/URM 144 two tone output with signal level into the spectrum 
analyzer reduced 10 dB for each exposure Note relationship between each 10 dB increment on vertical 
scale, which is nonlinear. Horizontal scale factors are as in photo A. 

C. Spectrum of a Collins 32S 3 transmitter operating at maximum PEP output 1117 watts). Fifth-order 
products are barely visible 1 kHz on either side of the third-order products. Horizontal scale factors are 
as in photo A 

O. Time domain equivalent of the 32S 3 output shown in C. This is the classic two-tone test scope pic¬ 
ture of amateur ssb transmitters Proper transmitter operation is depicted, but the picture in C gives 
quantitative information on intermodulation distortion. The two tone test frequencies are 1 kHz and 2 
kHz. Horizontal scale: 1 ms/cm. 



spectrum of a phasing-type ssb exciter. The suppressed- 
carrier frequency is at the vertical centerline. The two 
largest signals to the right of the centerline are the 
desired lower sideband tones. The two pips located 1cm 
on either side of these two tones are the desired side¬ 
band third-order IMD products (26 dB below a single 
tone). Note that the left (high side) IMD product is at 
the carrier frequency. The carrier suppression for this rig 
was checked and found to be greater than 40 dB. So, 
this pip is the IMD product and not the carrier. 

The fifth- and seventh-order IMD products (low side) 
are visible on the right. Both are about 37 dB below a 
single tone. At the first- and second-centimeter lines left 
of the vertical centerline are the two tones of the 
suppressed or undesired upper sideband. Note that the 
upper sideband is only suppressed 17 dB with respect to 
the lower sideband. The third-order IMD product to the 
right of these undesired pips is buried under the left-side 
third-order product from the desired sideband. The small 


pip at the left side of the display could be the high-side 
third-order product for the two tones of the undesired 
sideband, or it could be the ninth-order product (high 
side) of the desired sideband. As you can see, a lot of 
information is contained in this photo. The horizontal 
scale factor is 1 kHz/cm and the sweep rate is 100 
ms/cm. 

concluding comments 

In comparing the time- and frequency-domain 
pictures here, it's clear that the information contained in 
the frequency-domain pictures is much greater. Also, 
when testing or adjusting an ssb transmitter or exciter 
using the spectrum analyzer, more noticeable changes 
occur in the display as you change transmitter operating 
conditions. This is particularly true as you approach 
optimum transmitter adjustment. That last little 
improvement is hard to detect on a time-domain picture. 

Some points to ponder in using this equipment: The 



fig. 10. Example using the 32S-3 transmitter and a homebrew linear 

A. Spectrum of a homebrew linear amplifier driven by a 32S-3 operating within its output rating. Tone 
spacing is 1 kHz Only third order intermoduiation distortion products are visible, which are 35 dB 
down Horizontal scale 1 kHz/cm. sweep rate: 100 ms/cm. 

B. Time domain spectrum of the setup in photo A. Horizontal scale: Ims/cm; vertical scale: 200 mV/cm. 

C. Same equipment setup as for photo A. except that equipment was purposely misadjusted Note 
third-order intermoduiation distortion products are 19 dB down fifth-order products have increased 
and are 33 dB below a single tone. Seventh order products are barely visible in the noise. Tone spacing 
was 1 kHz Horizontal scale: 1 kHz/cm. sweep rate 100 ms/cm 

D. Spectrum picture taken under the same conditions as those of C. except that display has been 
enlarged to occupy entire horizontal area Scope horizontal amplifier gain was increased by a factor of 
two to increase resolution. Horizontal scale 0 5 kHz/cm 
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sweeper bias battery life should equal shelf-life of the 
cell. Most of the pictures were made using a scope sweep 
speed of 100 ms/cm. This is a relatively slow speed and 
causes noticeable flicker on a normal oscilloscope CRT. If 


I mentioned earlier that the minimum capacitance of 
the sweeper module would upset the dial calibration of 
your receiver. In my case the calibration was offset 12 
kHz low. If your measurements require an accurate 



fig. 11. Examples with equipment misadjusted 

A Spectrum of the same transmitter setup as in figs. 10A and 10C. except that the amplifier was purposely misadjusted and the ALC loop 
disabled Third-order products are about the same as in fig 10C. but seventh- and ninth-order products approach 40 dB Horizontal scale: 1 
kHz/cm; sweep rate: 10 ms/cm. 

B Time domain display corresponding to the conditions of those in fig 11A Horizontal scale 1 ms/cm; vertical scale 200 mV/cm. 

C. Spectrum of a phasing-type ssb exciter Upper sideband is suppressed only 17 dB with respect to lower sideband Fifth and seventh order in¬ 
termodulation distortion products are 37 dB below a single tone Horizontal scale 1 kHz/cm. sweep rate: 100 ms/cm. 


you attempt to operate at higher sweep rates you'll lose 
resolution. With 200-Hz receiver selectivity and 2-kHz 
tone spacing, you may be able to sweep at 50 ms/cm or 
possibly 20 ms/cm. If you attempt to photograph the 
analyzer display, the greatest success will be had using 
single-sweep operation of the scope while holding the 
camera shutter open (you must use a hood or dark 
room). 

The display on my spectrum analyzer sweeps from 
left to right, but the highest input frequency is on the 
left also (increasing frequency from right to left). This 
condition is brought on by the mixing scheme of the 
75S-3. It's quite easy to operate with experience. 

The mixing scheme in some receivers will result in 
more-normal increasing frequency from left to right. 

The linearity of this sweeper circuit is quite good 
considering its simplicity. Referring to figs. 10D and 
11C, you can see that the pips are 2 and 1 cm apart, 
respectivly, ±1 small division. This fact will help you 
properly identify IMD products by counting centimeter 
spacing, providing you use tones spaced exactly 1 or 2 
kHz apart. 



Details of sweeper and output signal modules 


knowledge of the carrier (suppressed carrier) frequency. 

I recommend the use of some form of digital dial read¬ 
out. If you use a readout such as in the Heath SB-650 or 
the frequency measuring system I described, 12 your 
readout will automatically account for the sweeper off¬ 
set. If you use a readout that is preset and adds or 
subtracts the vfo frequency, you'll have to recalibrate 
the preset. 

I hope this inexpensive method of high-resolution ssb 
spectrum analysis will encourage more amateurs to reap 
the advantages of frequency-domain analysis. Once you 
start using a spectrum analyzer, whether for ssb IMD 
distortion analysis, harmonic distortion analysis, or in 
search of oscillations and spurious emissions, you'll find 
that you'll be quite dependent on the instrument. 

references 

1. George Grammer. W1DF, "Recent Equipment-Heathkit 
SB-620 Scanalyzer," QST, April. 1968, page 50. 

2. Spectrum Analyzer Techniques Handbook. Polarad Elec¬ 
tronics Corp.. Long Island City, New York. 1962. 

3. Spectrum Analysis, Hewlett-Packard Application Note 63, 
Palo Alto. California, 1965. 

4. More on Spectrum Analysis, Hewlett-Packard Application 
Note 63A, Palo Alto, California, 1965. 

5. Wayne Ryder. W6URH, "High Performance Spectrum 
Analyzer," ham radio, March, 1977, page 16. 

6. Dave DeMaw. W1FB, "Varactor Diodes in Theory and 
Practice," QST, March. 1966, page 11. 

7. E. S. Cromartie, "Synthesis of a Varicap.” QST, September, 
1972, page 44. 

8. Designer's Manual for VVC Tuning Diodes, Motorola Semi¬ 
conductor Products, Inc., Pheonix, Arizona, 1971. 

9. TRW Varicap Diodes, Bulletin 198-972, TRW Electronic Com¬ 
ponents, Semiconductor Division, Lawndale. California, 1972. 

10. Hank Olsen. W6GXN, "Low Distortion Two-Tone Oscillator 
(or SSB Testing," ham radio. April, 1972, page 11. 

11. Ray Colvin, W1BCM, "Combination High-Stability Two-tone 
Generator and Calibrator," QST. April. 1973. page 22. 

12. Jeff Walker, W4AAD, "Accurate Frequency Measurement of 
Received Signals," ham radio. October. 1973, page 38. 

ham radio 


july 1977 □ 31 


































MfOUINC* 


POWf * 


UnC^IOW 


i(Y/Mi C SOUft^H 


The worlds first digitally tuned 
80M-10M SSB transceiver 

with over 40,000 frequency synthesized channels. 


• Ultra-stable frequency synthesizer • 
Large LED readout • 200 Watts PEP 
input • All solid state including 
electronic tuning • Front end filtering 

• Built-in TVI filtering • Modular 
construction • WWV Receiver. 
Squelch. Noise blanker, VOX. Speech 
processing are standard • Full 
metering. 

Discover a whole new world of 
communications with the CIR ASTRO 200 
. . the Ham SSB Transceiver that has 
established a new plateau of sophistication 
for the serious enthusiast. 

The built-in digital synthesizer with LED 
readout gives you over 40,000 crystal 
controlled channels in the 80 through 10 
meter bands with 100Hz resolution. Just 
press a momentary switch and tune your 
frequency with no moving parts. 

Calibrate it with WWV at the turn of a 
switch for absolute accuracy. No more 
crystal calibration. 

And, as for frequency drift, the 


ASTRO 200 is ten times better than VFO 
types. Total filtering sets the ASTRO 200 
above all others for TVI and harmonic 
suppression. Selectable USB or LSB allows 
you complete flexibility. 

CW operation features include semi 
break-in CW with adjustable delay and side 
tone ... no key click or CW chirp. 

CIR offers a complete range of 
accessories including fixed station console 
and external frequency synthesizer for 
crossband DX work. 

This extremely compact transceiver is 
only 2.8" high by 9.5" wide by 12.3" deep 
including heat sink. With all of these features 
incorporating rugged militarized type 
construction, it has no equal for SSB and 
CW operation. 

Be the first to learn more about the 
exciting new CIR ASTRO 200 . . . ham 
radio’s next generation transceiver. 

List price, ’995. Write or phone for 
complete details. 
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rat-race 

balanced mixer 


for 1296 MHz 


Details for an 
easily built mixer 
for the 1296-MHz 
amateur band 
which can be used 
in both receiving 
and transmitting 
applications 

The heart of most successful uhf ssb transceivers 
is a bilateral mixer, either singly or doubly-balanced. 
In previous articles 1 - 2 I have published designs for 
several such mixers. All have been built successfully 
by a number of readers, but each exhibited design 
characteristics which restricted universal repro¬ 
ducibility. I have thus received numerous requests, 
primarily from amateurs in Europe and Asia, to 
develop a mixer which could be built from readily 
available materials, without specialized dielectrics, 
advanced metalworking techniques, or expensive 
commercial microcircuits. 

Actually, such a mixer was published some time 
ago by Paul Wade, WA2ZZF. 3 - 4 His mixer used a 
microstripline quadrature hybrid, and can be easily 
etched 00 a double-sided, glass-epoxy printed-circuit 
board at minimal cost. As a receive converter, the 


unit yields an outstanding noise figure because of its 
inherently low conversion loss. 

Unfortunately, the Wade mixer falls a bit short of 
the mark in transmit service, due in part to its limited 
dynamic range, moderate isolation, and difficulties in 
obtaining a good wideband impedance match. The 
rat-race mixer described here overcomes some of 
these limitations and preserves the reproducibility of 
Wade's design. 

mixer anatomy 

Basically, any passive mixer assembly can be func¬ 
tionally divided into three segments, as shown in fig. 
1. The coupler serves to apply components of the rf 
and local-oscillator (LO) signals to the mixer diodes in 
the correct phase relationship, and may consist of 
transmission-line delay networks, resistive or reactive 
power dividers, balun transformers, coaxial or 
waveguide directional couplers, hybrid couplers, or 
some combination. The coupler may be built with 
lumped constants, coaxially, with toroidal trans¬ 
formers, in stripline, or in microstrip. 

The nonlinear network in which sum and dif¬ 
ference frequencies are generated is represented by 
the diode array of fig. 1 . Unbalanced mixers (which 
afford no isolation between the LO and rf ports) use a 
single diode, while most single-balanced mixers use a 
matched diode pair. Double-balanced mixers typi¬ 
cally include four diodes in either a ring or bridge ar¬ 
rangement, while special-purpose mixers which offer 
image cancellation or extra-wide dynamic range may 
contain an array of eight or more diodes. 

Diode selection is based upon noise figure, conver¬ 
sion efficiency, and the signal amplitude re¬ 
quirements of the system. Point-contact cartridge 
diodes, such as the 1N21 series, were the accepted 
standard in microwave mixers for many years. These 
devices are still used in high-power radar applications 
where diode burnout immunity and ease of replace¬ 
ment are major considerations. 

By H. Paul Shuch, WA6UAM, 14908 Sandy 
Lane, San Jose, California 95124 
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fig. 1. Basic anatomy of a balanced mixer. The coupler may take 
several forms as shown in fig. 2. The i-f matching network is 
designed to match the impedance of the diodes to 50 ohms. 


The current favorite, so far as the uhf experimenter 
is concerned, is the Schottky barrier or hot-carrier 
diode. These diodes are available in low-cost glass 
packages from such microwave industry leaders as 
Aertech, Alpha, Hewlett-Packard, Microwave Asso¬ 
ciates, Parametric Industries and others, and com¬ 
bine low conversion loss with excellent immunity to 
rf burnout. An additional advantage, so far as 
balanced mixers are concerned, is that the manufac¬ 
turing variations for hot-carrier diodes are minimal. 
This yields, for any two diodes of the same part num¬ 
ber, rf characteristics which are closely matched, 
thereby eliminating the need for selecting matched 
pairs or quads of diodes to achieve good mixer 
balance. 

Where the ultimate in conversion efficiency is re¬ 
quired (especially at the higher microwave frequen¬ 
cies), tunnel diodes excel. However, their high cost 
and relative susceptibility to rf overload have limited 
their acceptance by radio amateurs. 

Regardless of the diodes which are selected for the 
mixer's nonlinear network, it is unlikely that they will 
provide a good impedance match to 50 ohms at the 
i-f port. Bear in mind that diode impedance varies 
with diode current, which in turn is a function of 
local-oscillator injection level, applied dc bias, and 
the diodes' dc return path. The complex impedance 
of the i-f port, under the desired operating condi¬ 
tions, should be transformed to 50 ohms. To 
minimize intermodulation responses, this transfor¬ 
mation should be effective at both the desired i-f fre¬ 
quency and the undesired mixing product (usually 
the sum frequency). This will serve to eliminate 
reflections at any frequency from re-entering the 
nonlinear network through the mismatched i-f ter¬ 
mination. The effects of image frequency termina¬ 
tion are discussed in detail in reference 5, as well as 
section 2.10 of reference 6. 

The required impedance transformation at the i-f 
port can be accomplished by applying conventional 
techniques to the design of L, T, or pi networks. 
These networks also serve to suppress any com¬ 


ponents of the rf or LO signals which may be present 
at the i-f port because of mixer imbalance. 

hybrid selection 

The generalized balanced mixed circuit in fig. 1 
allows considerable latitude in the selection of coup¬ 
ling elements for applying the LO and rf signals to the 
mixer diodes. Hybrid couplers are available for 
dividing the input signals into two equal com¬ 
ponents, which are either in phase, 180° out of 
phase, or in phase quadrature. 7 Although mixers 
have been designed around virtually every imagin¬ 
able coupler, the arrangements considered for this 
design were two versions of the 90° branch hybrid or 
quadrature power divider, and two types of 180° ring 




90° BRANCH COUPLER-ARM 


50 OHM^- x/4 ^ 50 OHMS 



50 OHMS 50 OHMS 



50 OHMS 


fig. 2. Pour types of microwave hybrid couplers which are used in 
single-balanced diode mixers. P.erformancB of the various types is 
compared in table 1. 
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hybrid or ratrace (see fig. 2). Each of these hybrids 
can be easily built with etched microstripline, and 
each offers certain performance advantages which 
should be considered. 

Assuming an rf operating frequency of 1296 MHz, 
a 144-MHz i-f would suggest a LO frequency of 1152 
MHz. Since the mixer hybrid must pass both rf and 
LO components, it is reasonable to specify 1224 
MHz, the mean of these two frequencies, as the 
design center frequency for the hybrid. The ripple 
passband of the hybrid must, of course, include both 
the rf and the LO frequencies; thus the design must 
permit an operating bandwidth of 144 MHz, or 12%. 
Physical construction of the hybrid in microstripline, 
however, could introduce several sources of error as 
to actual center frequency. Because of the effect of 
variations in substrate dielectric constant, or that of 
cumulative dimensional tolerances, conservative 
design philosophy suggests characterizing the hybrid 
over a somewhat greater bandwidth. For this study a 
20% operating bandwidth was assumed. 

Table 1 compares various operating charac¬ 
teristics of the couplers shown in fig. 2 over this 20% 
bandwidth. Information regarding vswr, isolation, 
and imbalance was determined from published 
design charts; 8 the relative microstripline losses at 
the center frequency were derived empirically. 

Since all of the listed hybrid characteristics con¬ 
tribute in varying degrees to the overall performance 
of the resulting mixer, a somewhat subjective 
tradeoff process is necessary to select the optimum 
mixer hybrid. I began by excluding the popular 90° 
branch coupler because of its high vswr and relative¬ 
ly poor isolation. Similarly, I eliminated the extended 
ring hybrid on the basis of its high stripline losses and 
poor amplitude balance. In selecting between the 
two remaining candidates, I opted for minimizing 
amplitude imbalance and stripline losses, trading off 


table 1. Performance comparison of mixer hybrids over a 20% band¬ 
width. 


hybrid type 

vswr 

amplitude 
imbalance isolation 

relative 

insertion 

loss 

90° branch — 2 arm 

1.45 

0.7 dB 

14.0 dB 

1.0 

90° branch — 3 arm 

1.12 

0.5 dB 

25.3 dB 

1.7 

180° ring - 3/2X 

1.14 

0.4 dB 

23.0 dB 

1.5 

180° ring - extended 

1.40 

0.9 dB 

23.0 dB 

2.0 


the resulting slight degradation in vswr and isolation. 
The form factor of the final mixer was a further con¬ 
sideration, although I must admit that a toss of a coin 
may have been just as scientific! 

It is interesting to note that other uhf ex¬ 
perimenters have also selected the 3/2 wavelength, 
180° ring hybrid for mixer service. 9 ' 1011 All have 
achieved respectable mixer performance. 



ci 

C2 

C3 

C4 

C5 

C6 

J1, J2 

J3 

LI 

R1 

RFC1.RFC2 

Z1 

CR1, CR2 


1000 pF feedthrough capacitor 

100 pF chip capacitor IATC 100B or equivalent) 

25-ohm open-circuit microstripline, 1 quarter-wavelength 
long at 1152 MHz (see fig. 4) 

25-ohm open-circuited microstripline, 1 quarter-wavelength 
long at 1296 MHz (see fig. 4) 

0.001 /xF ceramic capacitor 

10-40 pF cermic trimmer capacitor 

SMA coaxial receptacle (E.F. Johnson 142-0298-001) 

BNC coaxial receptacle (UG-1094/U) 

4 turns no. 20 (0.8mm), air wound, 3/8" (9.5mm) diameter, 
1/2" (13mm) long 

10 ohm, V* watt carbon composition resistor 

miniature 0.33 ^H molded rf choke with ferrite bead slipped 

over hot end 

70-ohm rat-race hybrid at 1224 MHz (see fig. 4) 
hot -carrier diodes (Hewlett-Packard HP 5082-2817) 


fig. 3. Schematic diagram of the rat-race balanced mixer for 1296 
MHz. Full-size printed-circuit layout for the etched circuit board is 
shown in fig. 4. 


The decision to use microstripline construction on 
fiberglass-epoxy PC board was due primarily to the 
success which Wade achieved with this medium, 
and partly due to my frustration in trying to duplicate 
the results of others. Rat-race mixers of slab-type 9 or 
coaxial 10 construction demand greater patience and 
mechanical ability than I possess, and the slight, 
almost immeasurable performance advantage of 
etching microstripline couplers on expensive Teflon 
substrates 11 didn't seem worth the effort. 

i-f selection 

Factors governing the selection of a conversion 
system's intermediate frequency include the band 
width capabilities of hybrid junctions, image rejection 
limitations in practical bandpass filters, the avail¬ 
ability of i-f equipment or components, and spurious 
responses (related to possible harmonic relationships 
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between signal, LO, and i-f). Unfortunately, the first 
of these considerations seems to suggest selection of 
a low i-f, the second generally favors a high i-f, and 
the third all too often dictates selection of an i-f 
which violates the fourth! 

I have built various conversion systems for 1296 
MHz, using amateur 28, 50, 144, and 432 MHz bands 
as a receive and transmit i-f. My experiences tend to 
favor the 2-meter i-f as a good compromise between 
mixer bandwidth and image rejection. The recent 
proliferation of 2-meter ssb transceivers further sup 
ports this choice. However, the actual operating fre- 



fig 4 Full size layout for the ret race mixer circuit board Drilling in 
structions are shown in fig 5 

quency within the band must not be selected ar 
bitrarily. For example, placing a 1296.0-MHz signal at 
a 144.0-MHz i-f would require a 1152.0 MHz LO. 
More than one experimenter (myself included) has 
started with a 48.0-MHz crystal oscillator, multiplied 
by 24 to 1152 MHz, and ended up with a strong in 
terfering signal at 144 MHz on the receiving dial. 

The spurious signal, of course, is the third har¬ 
monic of the crystal oscillator. If you try to circum 
vent this difficulty by starting at 96.0 MHz and 
multiply by 12, it's possible to end up with transmit¬ 
ted spurious signals from the ninth harmonic of the 
injected i-f signal. 

Another constraint on the i-f selection is the 
undesirability of having a popular operating frequen 
cy in the 1296 MHz band fall at (or worse, just past) 
the end of the i-f tuning range. For best results, 
1296.0 MHz should fall in the middle of the tuning 
dial. In my present system, this dictates an i-f of 
145.1 MHz; a 1150.9-MHz LO derived from a 
95.9083 MHz crystal keeps me free from birdies. 

Although most of my activity on 1296 MHz is on 
ssb, the beauty of a linear translation scheme is that 


it's compatible with virtually any mode. This mixer 
will accommodate fm, a-m, video, or whatever. 
Depending on the mode, tradition, rather than 
technology, may govern the selection of operating 
and i-f frequencies. A group planning narrow-band 
fm simplex, for example, might choose to place 
1290.52 MHz on 146.52 MHz. Nonetheless, the 
above considerations deserve attention, especially 
when selecting the LO multiplying scheme. 

The mixer design presented here will actually ac¬ 
commodate an i-f between about 70 and 150 MHz, 
with little noticeable performance variation. Obvious¬ 
ly, great care should be exercised when selecting the 
actual i-f and oscillator frequencies. 

construction 

Fig. 3 shows a schematic diagram of the ring 
hybrid or rat-race mixer for the 1296 MHz amateur 
band. Note that the microstripline hybrid, which is 
normally built as a circular trace with a circumference 
3/2 wavelengths long, is shown as a hexagon with 
quarter-wavelength sides. I used this same simplifi¬ 
cation in an earlier mixer, ,2 as did Dick Bingham, 
WB6BDR. 11 Neither of us noticed any measurable 
degradation over the usual circular arrangement. 
Leroy May's successful rat-race mixer 
(reference 9) used a triangular layout, and this led 
me to believe that the layout itself is relatively unim¬ 
portant. The 70-ohm characteristic impedance of the 
ring, however, is critical, and requires a 0.05 inch 
(1,3mm) microstripline width for G-10 circuit board. 

Aside from the diode bias path (to be discussed 


NO 96 

9 PLC3 NO 00 



NO 60 


fig 5. Drilling template for printed circuit board 
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shortly), the bulk of this mixer design, including the 
i-f port matching network, is borrowed directly from 
Paul Wade's design 4 and will not be discussed here. I 
should point out, however, that the pi-network 
matching network at the i-f port does little to proper¬ 
ly terminate the image component; the importance 
of this was discussed previously. For mixer applica¬ 
tions which dictate maximum freedom from inter¬ 
modulation distortion, the user should consider 
adapting the Bridge-T interstage isolator circuit. 14 

Fig. 4 is a full-scale layout for the rat-race mixer. 
The pattern should be etched on 1/16 inch (1.5mm) 
thick G-10 fiberglass-epoxy printed circuit laminate, 
double-clad with 1 ounce copper (1.4 mils or 36 
microns thick). One side of the board is unetched 
and serves as a groundplane for the microstriplines 
on the etched side. Drill the board as shown in fig. 5. 

Assemble the mixer as shown in fig. 3 and the 
photographs. When mounting the SMA connectors 
at the LO and rf ports, be sure to countersink the 
groundplane side of the board at the connector 
center conductor to avoid a short to ground. 
Assembling the mixer is straightforward, except that 
the leads of the diodes must be bent carefully to pre¬ 
vent damage to the glass diode package. 

Once assembled, only one mixer adjustment is re¬ 
quired: matching to the i-f port. This can be done by 
injecting a signal into the rf port, connecting the i-f 
port to a 2-meter receiver, and tuning capacitor C6 
for maximum signal level. Alternatively, with the rf 
port driving a power meter, inject a 3mW, 2-meter 
signal into the i-f port, and tune C6 for maximum out¬ 
put. In either case, the LO port must be driven with a 
clean 5 to 10 mW signal in the vicinity of 1152 MHz 
and the i-f port must be terminated in 50 ohms. The 
50-ohm load can be provided by tuning the mixer 
with a fixed, 50-ohm pad inserted between the i-f 
port and the 2-meter transmitter or receiver. 

Fig. 6 shows the isolation of this mixer, as 
measured on a Hewlett-Packard 8507A Automatic 
Network Analyzer. The isolation of the assembly is 
greater than 20 dB from 1050 MHz to over 1300 MHz, 
and at least 30 dB over the anticipated operating 
bandwidth; isolation over a 20% bandwidth is quite 
close to that predicted in table 1. 

bias considerations 

Wade operates his balanced mixers in the starved- 
LO mode. 3 ' 4 That is, he applies a rather low level of 
LO injection (typically 1 mW) to the diodes, and sup¬ 
plements this low LO drive with dc bias. By varying 
the dc bias, the impedance of the diodes can be con¬ 
trolled, providing an improved match to the mixer 
hybrid. Obviously, it is far easier to generate the re¬ 
quired dc bias than it is to increase LO injection by 
10 dB. 


Other advantages of DC mixer bias were reported 
by Pound as far back as 1948: 6 "Accompanying the 
reduced LO power requirement is a reduction in the 
reaction of the local-oscillator circuit on the signal 
circuit in the mixer. The over-all noise figure 
becomes less dependent upon the amount of inci¬ 
dent local-oscillator power at the crystal, because 
the conversion loss does not increase so rapidly as 
the local-oscillator drive is decreased. Finally, the i-f 
conductance of the crystal is less dependent on the 
amount of local-oscillator drive." 



FREQUENCY (MHz) 

fig. 6. Isolation of the rat-race balanced mixer, as measured with a 
Hewlett-Packard B507A Automatic Network Analyzer. 

Starved-LO operation was attempted in one of my 
bilateral conversion systems, but with disastrous 
results. In transmit mode application of 1 mW of i-f 
injection resulted in a severely distorted rf output, 
measuring several dB below the power level which 
the characteristic conversion loss of the mixer would 
suggest. Further, a spectrum analyzer revealed 
numerous unwanted frequency components which 
were not previously a problem. It appeared that the 
dynamic range of a balanced mixer in the starved-LO 
mode was far below that of a similar mixer with the 
customary + 3 dBm (2 mW) per diode injection level. 
This conclusion was confirmed by Harlan Howe: 8 
"Naturally, intermodulation products and saturation 
levels will be the same as if the LO drive were unsup¬ 
plemented by dc power." Thus starved-LO operation 
was abandoned for this mixer in favor of a full 4 to 10 
mW of LO injection. A similar choice is indicated for 
any balanced mixer used in transmitter service, or 
any time large-signal handling capability is important. 

It will be noted from the schematic in fig. 3 that, 
although external dc bias is not used in this design, 
the diode's self-bias return is brought out through 
feedthrough capacitor Cl. Since the LO signal is ef¬ 
fectively rectified by the diodes, a dc voltage will ap¬ 
pear across R1; the magnitude of the dc voltage is a 
function of applied LO injection level. Thus, the feed¬ 
through capacitor is a convenient test point for 
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measuring (and optimizing) LO injection, as indicated 
in fig. 7. The object is to minimize conversion loss, 
which is a direct function of LO injection (see fig. 8). 

Like other microwave experimenters, in recent 
years I have sought to master the techniques of 
microstripline design and construction by developing 
individual circuits on etched circuit boards. Thus my 



(0.4 mW) (06 mW) (I.OmM (1.6 mW) (2.5mW) (40mW) 

fig. 7. Since the diodes rectify the LO signal, a dc voltage measure¬ 
ment can be used to check LO injection level. Plotted here is the 
test-point voltage (mV) vs LO injection for the rat-race balanced 
mixer. 

early 1296-MHz systems consisted of numerous 
modules, each containing a single stage, each 
matched to 50 ohms, and all inter-connected by 
coaxial cable. This approach at best is a crude utiliza¬ 
tion of microstripline technology. One of the main 
benefits to be derived from the etched-substrate ap¬ 
proach is that numerous associated circuits may be 
built as an integral unit, thereby minimizing intercon¬ 
nections, reducing cost, and improving reliability. 

I have made several attempts to integrate circuits 
onto common substrates. My process of system in¬ 
tegration began with a two-stage preamplifier, 12 pro¬ 
gressed to a combined balanced mixer, image filter, 
and LO filter, 2 and culminated in a complete 
transverter-on-a-board. 13 

Unfortunately, acceptance of these integrated 
assemblies by amateur microwave enthusiasts has 
not been overwhelming. It was brought to my atten¬ 
tion by numerous readers that the tasks of tuneup 
and testing present major problems when multiple, 
interactive stages are involved, especially when the 
available test equipment is limited to a grid-dip 
oscillator and a number 47 lightbulb! Individual 
stages, on the other hand, may be readily tested into 
50 ohms, and then placed into the desired system 
with few adjustments. Joe Reisert has been pro¬ 
moting such a modular approach for some time; his 
articles are highly recommended. 15 . 16 - 17 

*Not to be confused with RG-141/U, which is a % inch (6.5mm) 
diameter flexible cable. 


My 1296-MHz systems have recently gone through 
a process of de-integration (not to be confused with 
cf/sintegration) with a return to small modules, each 
containing a single stage, all stages interconnected 
with 50-ohm coax. 16 This mixer is one such module. 
Unlike my previous mixer, the one presented here 
contains no rf or LO filters. Filters will of course be re¬ 
quired in most applications but are easily added to 
the system as individual modules after they have 
been tuned and tested. 19 

A word about rf cabling and connectors is in order. 
Whenever possible I recommend the use of high 
quality microwave connectors such as type SMA. 
The JCM series of coaxial connectors from E.F. 
Johnson are low cost, SMA-compatible units ex¬ 
hibiting excellent rf properties through 4 GHz. For 
microstripline launchers I recommend E.F. Johnson 
part number 142-0298-001, and I use their 
142-0161-001 connectors on all jumper cables. These 
connectors are priced in the $3.00 range and are 
available from electronics distributors in many parts 
of the United States. 

Of all the considerations surrounding the selection 
of interconnecting coaxial cable, cost and availability 
are the major factors for amateur applications. Ob¬ 
viously, low loss and constant impedance must also 
be considered. Semi-rigid coax, such as Uniform 
Tubing UT-141,* perform exceptionally well, but are 
virtually unobtainable in many parts of the world. A 
good second choice is % inch (6.5mm) diameter flex¬ 
ible coax, if the lengths are short. Desirable features 
are double shielding, Teflon dielectric, and a silver- 
plated, solid center conductor. One cable meeting 
these requirements is RG-142/U, but its cost per foot 
discourages many experimenters. Nonetheless, a 
moderate investment in jumper coax can spare you a 
world of grief. Other usable cables which cost con¬ 
siderably less include types RG-141/U, RG-223/U, 
and RG-55/U. As a last resort, RG-58/U may be 
used, but its length must be kept to an absolute 



LO INJECTION (dBm) 

fig. 8. Conversion loss of the rat-race single-balanced mixer as a 
function of local-oscillator injection. 
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minimum. Just remember that most 1296 operators 
use RG-58/U to build calibrated attenuators! All of 
the flexible cable types listed here will accept the 
recommended SMA plug. 

parts availability 

The components required to build the rat-race mix¬ 
er described in this article are available from various 
sources in the United States; the printed-circuit 
board may be etched from the full-size artwork 
shown in fig. 4. For those uhf experimenters who 
don't have the facilities to etch their own boards, 
commercially etched, drilled, and plated boards are 
available from Microcomm.* 

•An etched, drilled, and plated circuit board for the rat race mixer 
is available from Microcomm, 14908 Sandy Lane. San Jose, 
California 95124, for $6 50 post paid within the United States and 
Canada ($7.00 elsewhere) A wired and tested mixer is also 
available: Microcomm will not offer a pomplete kit of parts 
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Adiuttable volume tone and sustain 
on I he chime. 

LOW COST 

Complete with all parts including tram 
lot mer A speaker 

This quality lima piece 
will catch the eye of every 
body who walks into your 
house! It will be the most 
unique item on your 
mantle or bookshelf 


MINI GRANDFATHER 
CLOCK KIT 

S39.95 

(order MG Oil 
Case NOT included 

$59,95 

(order MG-01/A) 
Completely assembled I 
(Case NOT included) 


Four independently adjustable oscillators 
are sequentially mixed and disabled by a 
counter circuit pulsing at a rate that you 
set The sound combinations ate endless 
and the effect is ama/mg. Sounds straight 
Irom the Twilight Zone Complete elec 
ironies with plated PC board. Requires 
6 to 15 volts DC <h> 800«n.i 10 watts (pulsed) 
^ 8 ohms and 12 volts Order DA 01 

S8.50 


AUDIBLE CONTINUITY TESTER 
KIT 

Measures continuity and resistance 
to 2K. Test LED's, diodes & trans 
istors. Less speaker Requires 6 to 
12 volts, (batteries not included). 

$1.95 


THE PS-12 IS THE BEST POWER SUPPLY KIT ON THE MARKET FOR *$49.95 


Chock thoso spec* 

3 to 16 volt* and 15 to 30 volt* t? ranges) 
Ad|u*tabi* told back current limiting from 

4 to 16 amps 

10 amps continuous. 15 amp* with tan 
cooling 

Regulation batter than 160 mv from 0 
to full load 

Ripple lets tha<> 200mv P 10 amps 
Short Circuit protection 


Look what you gal 

11 pound heavy duty transformer 


Two 6" 60 w.itt heatsink* 


All resistors, caps. «fe 


Large computer grade filter cap 
1C regulator, power transistor* and 
15A bridge reorder 

Quality plated end drilled PC 


$ 49.95 


•AOO $3 70 for UPS sh.ppmg Canadian customer add $10.00 fn» parcel post shipping 
and insurance Price does not include case, meters or jacks 


OVERVOLTAGE PROTECTION KIT 

The OVP-1 ii an overvoltage protection circuit designed to proteci yout expensive gear 
it the series pass regulators short of unauthorized hands tamper with the voltage setting 
on a variable supply Set the OVP 1 for 1 or 2 volts over the normal operation voltage 
and it will msiantly go into current limiting, (if the supply has this feature), or blow 
the fuse The kit comes complete with PC board, all components including the ? 5 A 
SCR and complete easy to follow instructions. Designed specifically for the PS 12 Power 
Supply Kit. S6 95 
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THE BIG NEW 

HEATHKIT CATALOG 

Send for your copy today! 

There’s more for the 
ham at Heath 


Heath Company. Dept. 122-31 
Benton Harbor, Michigan 49022 


Schlumberger 


Heath Company. Dept. 122-31 
Benton Harbor, Michigan 49022 


Please send me my FREE Heathkit Catalog. 
I am not on your mailing list. 


Name- 

Aririraan 

I 

L 

nty 


SlfltA 

i 

7lp 

AM-351 



Read all about the SB-104A i 
and it's exciting station | 

accessories in the new n 

Heathkit Catalog! " 


MAKE IT THE HEART OF 
YOUR ULTIMATE SSB/CW SYSTEM! 


THE 

NEW 

HEATHKIT 
SB-104 A 
TRANSCEIVER 


The world-famous SB-104 improved. 
The SB-104A now offers improved re¬ 
ceiver sensitivity and a fully-assem¬ 
bled and tested receiver front end 
circuit board for greatly reduced as¬ 
sembly time. And it’s still at the same 
low price! 

Totally broadbanded, completely 
solid-state, the SB-104A operates 
USB, LSB, or CW. Go from CW on the 
low end of 80 to USB on the high end 
of 10 in seconds while maintaining 
0.5 /iV receiver sensitivity and a full 
100 watts transmitter output. Just 
choose the band and select the mode; 
no more preselector, loading or tun¬ 
ing controls. Just flick a switch for 
instant 1-watt QRP output. The SB- 
104A offers true digital frequency 
readout and specs and performance 
that are incredible. Harmonic and 
spurious radiation are extremely low 
with third order distortion down 30 dB 


or better! Alignment requires only a 
dummy load, mike and VTVM. 


Complete SB-104A SPECIFICATIONS 
Frequency Coverage; 3.5 MHz through 29.7 MHz 
amateur bands. 15 MHz WWV receive only Fre¬ 
quency Stability: Less than 100 Hz/hr drift after 30- 
min, warmup; less than 100 Hz drift for ±10% 
change in primary voltage. Readout Accuracy: With¬ 
in ±200 Hz ±1 count. Dial Backlash: 50 Hz max. 
Phone Patch Impedance. 4 ohm output to speaker; 
high impedance to transmitter. TRANSMITTER — RF 
Power Output: High Power: (50-ohm non-reactive 
load) SSB: 100 watts PEP ±1 dB; CW: 100 watts 
±1 dB Low Power SSB: 1 watt PEP (minimum); CW: 
1 watt (min.). Output Impedance: 50 ohms, less than 
2:1 SWR. Carrier Suppression and Unwanted Side¬ 
band Suppression: —50 dB down from 100 watt sin¬ 
gle-tone output at 1000 Hz reference. Harmonic 
Radiation: 40 dB below 100 watt output. Spurious 
Radiation: -40 dB within ±4 MHz of carrier; —60 
dB farther than ±4 MHz. Microphone Input: High 
impedance, —45 to —55 dB; approx. 22k ohms. 
RECEIVER - Sensitivity 0.5 /xV for 10 dB S + N/N 
for SSB. Selectivity: 2.1 kHz minimum at —6 dB. 5 
kHz max. at —60 dB. (2:1 nominal shape factor). 
CW Selectivity: (with accessory CW filter) 400 Hz at 
— 6 dB. 2 kHz max. at —60 dB. Audio Output: 2.5 
watts into 4 ohms. 1.25 watts into 8 ohms, less than 
10% THD. 4-8 ohm headphones. AGC Less than 1 
millisecond attack time; switch selectable 100 msec 
and 1 sec. release, and OFF IM Distortion: —65 dB 
min.; —57 dB typ. with noise blanker. Image Re¬ 
jection: — 60 dB min. Dimensions: 5%" H x 14%" 
W x 13 %" D. 


AND STILL ONLY 


$669 95 ! 




















(DC-S microminiature (one encoder 

Compatible with all sub-audible tone systems such as: Private Line, 

Channel Guard, Quiet Channel, etc. 
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• Powered by 6-16vdc, unregulated 

• Microminiature in size to fit inside all mobile units 
and most portable units 

• Field replaceable, plug-in, frequency determining elements 

• Excellent frequency accuracy and temperature stability 

• Output level adjustment potentiometer 

• Low distortion sinewave output 

• Available in all EIA tone frequencies, 67.0 Hz-203.5 Hz 

• Complete immunity to RF 

• Reverse polarity protection built-in 


$3.00 each 


communication/ /pecioli/t/ 

P. O. BOX 153 
BREA. CALIFORNIA 92621 
(714) 998 3021 
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K-1 FIELD REPLACEABLE, 
PLUG-IN, FREQUENCY 
DETERMINING ELEMENTS 


$29.95 each 


Wired and tested, complete with 
K-1 element 




self-supporting coils 


Aset of inductance 
and 0 graphs 
for airwound coils 
using screws and 
other threaded forms 
as mandrels 

Self-supporting coils without forms are the cheap¬ 
est, most convenient, high-Q inductors for induc¬ 
tance values under 0.4 microhenries. Unfortunately, 
the wire is difficult to wind on a smooth form and you 
have to account for wire diameter plus form diameter 
for accurate calculation. Presented here is a method 
for using conventional screw threads as forms along 
with measured inductance values. 

Form and wire size, coded by the letters of fig. 1, 


are given below: 


curve 

wire size 

winding form 

A 

26 enameled or Soldereze 

4-40 screw 

B 

22 enameled or Soldereze 

6-32 screw 

C 

22 enameled or Soldereze 

8-32 screw 

D 

22 enameled or Soldereze 

10-32 screw 

E 

18 finned or enameled 

1 /4-20 screw 

F 

18 tinned or enameled 

5/16-18 bolt 

G 

18 tinned or enameled 

3/8-16 lag bolt 

H 

14 bare copper 

7-watt Christmas bulb 
base (3/8" ID, 10TPI) 

J 

12 bare copper 

Paint roller ferrule 
(5/8" ID, 1 turn 
per 3/16") 

K 

12 bare copper 

Standard 117 Vac lamp 

base 


The method is very simple: Take any convenient 
screw or bolt and wind the wire firmly on the threads. 
When finished, allow the wire to release its tension, 
then carefully remove the form. Fig. 1 shows induc¬ 
tance vs the number of turns for ten different screw 
threads on easily obtained sizes. 



fig. 1. Inductance of airwound coils using threaded forms as man¬ 
drels. Extensive use of this chart has shown the inductance values 
to be reproducible to within about 5%. Inductor Q for each of the 10 
forms is shown in figs. 2 through 11. 


This data was originally collected by the author in 1969. It 
has been used since then in many commercial applica¬ 
tions, and the values checked with other Q-meters. In all 
cases the inductance values were within 5% of the pre¬ 
dicted value; Q was up to 20% greater, depending on the 
measuring instrument. Editor. 


By Leonard H. Anderson, 10048 Lanark Street, 
Sun Valley, California 91352 
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A FORM 



fig. 2. Q of inductors of no. 26 enameled wire wound on 4-40 screw 
form (curve A in fig. 1). 


B FORM 



fig. 3. Q of inductors of no. 22 enameled wire wound on 6-32 screw 
form (curve B in fig. 1). 


C FORM 



fig. 4. Q of inductors of no. 22 enameled wire wound on 8-32 screw 
form (curve C in fig. 1). 


D FORM 



fig. 6. Q of inductors of no. 22 enameled wire wound on 10-32 screw 
form (curve D in fig. 1). 


E FORM 



fig. 6. Q of inductors of no. 18 tinned or enameled wire wound on 
1/4-20 screw form (curve E in fig. 1). 


F FORM 



fig. 7. Q of inductors of no. 18 tinned or enameled wire wound on 
5/16-18 bolt (curve F in fig. 1). 


Wire size is fixed by the number of turns per inch 
on the screw form. This has been selected to allow a 
slight space between turns so that adjustment for 
higher inductance by squeezing may be done if 
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G FORM 



fig. 9. Q of inductors of no. 18 tinned or enameled wire wound on 
3/8-16 lag bolt (curve G in fig. 1). 


desired. It was also found that wire diameter had to 
to be restricted to just under full winding by the 
screw threads. 

The no. 12 and 14 AWG wires are household 
power wires ( Romex) with the insulation stripped off. 
If this material is not available, check for wire scraps 
at industrial plants or at new construction sites; 
quite a bit is thrown away. The paint-roller ferrule 
can most often be found on extender poles sold for 
that purpose and are quite uniform in dimension. 

The Q curves are shown in figs. 2 to 11. Values in 
between the indicated number of turns may be inter¬ 
polated with reasonable accuracy. 

All data was obtained by construction and 


H FORM 



fig. 9. Q of inductors of no. 14 bare copper wire wound on 7-watt 
Christmas bulb base (curve H in fig. 1). 


measurement with a Boonton 190A Q-meter. This 
limited the measurements to the 20 to 240 MHz in¬ 
strument range. No compensation for lead length 
has been made and all coils have an assumed 3/4- 
inch connection spacing. Each coil was kept at least 
one diameter away from the top surface of the Q- 
Meter, consistent with shortest lead length. 

Reproducibility of inductance should be within 5% 
and Q within 20%. This assumes standard coil wire 
tolerances and lead lengths given. Tolerance may 


J FORM 



MHz 

fig. 10. Q of inductors of no. 12 bare copper wire wound on paint 
roller ferrule (curve J in fig. 1). 

drop to 10% for inductors using stripped power 
wires, depending on the brand; sampling wire from 
different manufacturers showed 5% tolerances were 
possible. 

Where long leads are necessary, inductance can 
be adjusted by the following formula for straight 
wires: 

L = If 11.7 logio (0.12'1'g 2 )] nil 
Where: l = length of wire (inches) 
g = wire gauge (A WG) 

The formula is an approximation but accurate to 5% 
for AWG wire sizes from 12 through 26. 

All constructions are quite stable and will hold up 
under most conditions encountered in amateur use. 
Like all self-supporting inductors made of soft wire, 
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they are flexible and should not be used in vfo tank 
circuits or other critical applications. 

Bare copper may be coated with varnish to retard 
oxidation. A light application of spar varnish or poly¬ 
urethane varnish will lower Q by only 5 to 8 per cent. 
Note: Do note use Q Dope since, like all lacquers 
and acrylics, it will transmit moisture and lift from the 
non-porous surfaces. 

Bare copper holds up surprisingly well. To prove a 
point, I wound an 8-turn coil on a paint roller ferrule 
(form J) and buried it in an outdoor planter along 
with two new plants. The coil was compressed to 


K FORM 



MM/ 


fig. 11. Q of inductors of no. 12 bare copper wire wound on 117 Vac 
household lamp base (curve K in fig. 1). 


about 60% of finish length and readings were taken 
at 50 MHz prior to planting and four months later. 
Despite watering every other day, the untreated coil 
had only a 2.3% reduction in inductance and 16% 
drop in Q. 

ham radio 


REMEMBER SCS ? 

Don’t worry, past buyers of SCS equipment! 
Lunar Electronics is now handling the manu¬ 
facture, distribution and maintenance of the 
amateur radio products. Most 
important to you is that your 
SCS warranty will be fully 
honored here at Lunar Elec¬ 
tronics despite SCS’s clos¬ 
ing. I'll see to it! 

LOUIS N. ANCIAUX, General Mgr. 
WB6NMT 


SCS line of 



NEW Model DX-555P Counter-Generator 
with prescaler 

Call us for immediate shipment and/or delivery date. Use your 
BankAmericard or_Master Charge. 

NEW Counter-Generator 

Two vital pieces of test 
equipment in one. 



Counter: 

5 digit display, 7 digit readout capa¬ 
bility. 10 Hz to over 30 MHz (250 
MHz with prescaler). Input level 20m 
Vrms to 5 Vrms (Prescaler 200m Vrms 
to 2 Vrms). Base oscillator beats di¬ 
rectly against WWV. 

Generator: 

440 kHz to 30 MHz in 3 ranges 
Output displayed on counter and avail¬ 
able at jack on rear panel 600 Hz 
modulation for AM receivers 

General: 

110 VAC fused supply 

Size (in.) 2.3H x 6.3W x 8.50 

Weight (lbs.) 4 4 

MODEL DX-555P (to 250 MHz - incl. prescaler) $239.95 

Please add $3.00 shipping/handling. Model without prescaler also 
available. 


The DX *J’ ANTENNA: 

• Gold-alodmed aluminum 
radiators 

• Requires no ground 
plane 

• VSWR typ 1.3:1 (146- 
148 MHz) 

• Handles 250 watts plus 

• Weight: 8 oz. 

• 144, 220, or 440 MHz 
Models. Your Choice 

• Price $29.95 


AMPLIFIERS 

FOR THE DISCRIMINATING AMATEUR 

Features: 

• Advanced Solid State Design 

• Microstripline Techniques in 
Design 

Increased T-R Delay for 
SSB/CW 

Full VSWR and Reverse 
Voltage Protection 
Broadband-no Tuning Required 
One Year Warranty on Amplifiers (90 Days on 
Transistors) 

Lunar Amplifiers meet or exceed emission stan¬ 
dards set by F.C.C. in April 1977 



- • 


2M 10-B0L 


Model 

Frequency 

(MHz) 

Input 

Power 

(W) 

Output 

Power 

(W) 

Norn. 

Current 

(A) 

Price 

2M3-30L 

144-148 

3 

30 

4V* 

$119.95 

2M10-70L 

144-148 

10 

70 

9 

5149 95 

2M10-80L 

144-148 

10 

80 

12 

S159 95 

1.3M10-70L 

220-225 

10 

70 

9 

S169 95 

HF10-100LA 

3-30 

10 

100 

18 

TBA 


Pleast add $3.00 shipping/handling 


California residents add 6%. Order today at your dealei 
or direct from: 



L#M4R 


ctromcs 


P O BOX 82183 
SAN DIEGO CA 92138 
714 222 9618 

Louis N Anciaux WB6NMT 
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The new standard 


in vertical antennas: 




The Omega-t HV-3 triband 80/40/20 meter 
vertical represents a standard against 
which all future vertical antennas will be 
judged, offering a combination of features un¬ 
matched by any other vertical at any price: 

• Performance—Top loaded 30 foot vertical has no traps; 
the full height is utilized on each band, resulting in higher 
radiation resistance and directivity, hence greater 
bandwidth, efficiency, gain, and a lower angle of radiation. 

• Construction—Heavy duty, self supporting construction of 
6061T-6 heavy wall extruded pipe is chromate dipped to 
Military Specifications. All hardware and top loading rods 
are stainless steel. Rated for wind load of 30 psf (86 mph). 

• Ease of Installation—Quickly assembled and installed. 
Tilt-up mounting base attaches to pipe driven into ground or 
4x4 post. 

• Appearance—Inconspicuous—Stands slim, tall and 
straight. No guy wires. 

• Convenience of Tuning—All tuning and matching is done 
at the base with our HP-series plug-in matching units. Con¬ 
tinuously variable slug-tuned coils are used for tuning and 
matching. Tuning within a band or changeout of matching 
units can be accomplished in seconds. 

• Band Coverage—Model HV-3 includes basic HV-1 radiator 
and revolutionary HP-T triband matching unit for 20/40/80 
meter operation without switching (patent applied for). 
Other plug-in matching units are available for all frequen¬ 
cies in the 1.8-18 MHz range. 

• Power Handling—Full legal power, SSB and CW. 

• Value—Model HV-3, including radiator and triband 
matching unit—$169.90; HV-1 (radiator only) $124.95; single 
band plug-ins—$39.95 or $44.95 depending on band. F.O.B. 
Richardson, Texas. 


See your amateur radio dealer or order direct. 



Another Omega-t product by: 

ELECTROSPACE SYSTEMS, INC. 

P.O. Box 1359 • Richardson, Texas 75080 • Telephone (214) 231-9303 • TWX 910-867-4768 
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gain control 1C 

for audio signal processing 


As a multi-purposed 1C, 
the NE570 analog compandor 

fulfills many 
audio processing needs 


Two ICs recently introduced by Signetics, the 
NE570 and NE571, permit the design of efficient and 
practical audio-signal control functions with a 
minimum overall parts count. These devices are 
primarily designed to act as compandors; the com¬ 
plementary processes of compression and expan¬ 
sion. 1 ^ They are both dual-channel ICs and either 
portion can be used individually as a compandor. 
However, as will be seen in this article they are also 
well suited to a variety of other tasks useful to the 
amateur. 

basic device operation 

Each channel of the 570 and 571 consists of the 
functional components shown in fig. 1A. Packaged 
in a 16-pin DIP, the only items common to the two 
signal channels are the power supply, ground con¬ 
nections, and an internal 1.8 volt bias regulator. 

The three principal components of each section 
are a AG cell, full-wave rectifier, and an output 
amplifier. The AG cell is used to control the gain over 
a range greater than 80 dB. The control voltage for 
this cell is generated by rectifying an input signal 
(RECT IN). The final output is then developed by the 
buffered output amplifier from the scaled signal cur¬ 
rent supplied by the AG cell. The 570 and 571 are 
identical electrically, but the 570 is selected for lower 
inherent distortion and a higher supply voltage 
range. 

The AG cell, as shown in fig. IB, consists of an op 
amp, A1, and transistor pairs Q1-Q2 and Q3-Q4. The 
input signal is first converted by R2 into a current 
that drives A1. The feedback for this op amp is via 
the transistor pair Q1-Q2. Therefore, the amount of 
current in this pair is the same as the current through 
R2. In addition to driving Q1-Q2, the op amp is also 
connected to Q3-Q4. Unlike Q1-Q2, this transistor 
pair does not have a constant-current source. By 


scaling the Q3-Q4 emitter current, their output is a 
linear product of the input signal from A1 and the 
scaled current. This circuit is a linearized transcon¬ 
ductance multiplier 4 ' 7 which cancels the inherent 
non-linearity and temperature sensitivity of the dif¬ 
ferential pairs, greatly enhancing the usefulness of 
this gain-control technique. 

The rectifier portion consists of op amp, A2, 
class-B transistors Q5-Q6, a pnp current mirror Q7, 
and an npn current mirror Q9. When rectifying a 
signal at the RECT IN terminal, Q5 and Q6 produce 
pulses of current proportional to the positive and 
negative input signal swings. The output current of 
Q6 is used directly, while the Q5 current is mirrored 
by Q7. Thus, the drive to Q9 is a positive going, full- 
wave rectified pulsating dc. These pulses are filtered 
by an external smoothing capacitor attached to the 
Crect terminal. 

The output stage is a simple inverting op amp 
similar in performance to a 741. Various options are 
possible by use of either R3, external input, or feed¬ 
back resistors. The overall circuit gain is unity (AG IN 
to OUT), with R3 connected as a feedback resistor 
and 70 /tA rectifier current into Q9. 

In addition, the THD TRIM terminal allows a small 
offset to be introduced into the AG cell to null its 
distortion. The two input op amps (A1 and A2) are 
connected to the internal 1.8 volt regulator. Each op- 
amp input should be capacitively coupled while the 
input impedance is determined by R2 or R1, respec¬ 
tively. Circuit operation is very stable and immune to 
power-supply variations. A single supply voltage 
from + 6 to +18 volts (571) or + 6 to +24 volts (570) 
can be used, though the following applications will 
use a + 15 volt supply. 

basic compandor circuits 

The 570 and 571 can be quite simply connected for 
their basic functions of expansion and compression, 
as illustrated in fig. 2. These circuits will not be dealt 
with in great detail because most amateurs will 
probably be more interested in some of the other 
uses. Also, compandor operation is covered in detail 
in other literature. 1 ' 3 

The gain through the expandor shown in fig. 2A is 
1.43 Vj N , where V [N is the average input voltage. 

By Walter G. Jung, 1946 Pleasantville Road, 
Forest Hill, Maryland 21050 
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fig. 1. Functional diagram of the Signetics NE 570/571. A simplified schematic diagram of the device is shown in B. Constant current sources l<| 
and feed transistor pair Q1-Q2. 


The 570/571 circuit constants are set up such that 
unity gain occurs at an rms input level of 0.775 volts, 
or 0 dBm in 600-ohm systems. The Cin and Co are 
coupling capacitors, chosen for the desired low- 
frequency rolloff. Crect is selected for the desired 
time constant (10 ms) in conjunction with the internal 
10-kilohm resistor (R5). 

Resistors Ra, Rb. Rc arid Cr are not essential to 
basic operation, but are desirable. Rb furnishes 
short-circuit protection for the output and capacitive 
load buffering, while Ra and Rc polarize Cin and Ca- 
Cb is a power supply bypass, typically an aluminum 
electrolytic. 

The compressor configuration in fig. 2B also has 
unity gain at 0.775 volt (rms) input, but, a com¬ 


plementary in/out characteristic. The main dif¬ 
ference in this circuit is that the AG cell is connected 
as a feedback impedance via Cf, and the input is ap¬ 
plied to R3 through Cin- Bias for the output stage is 
set up by the RC-decoupling network, with the 
values shown appropriate for 15-volt power supply. 

In general, the OUT terminal should be biased to 
one-half the supply voltage. Use of a 570 or 571 as a 
compandor is not limited to the gains shown, but 
may be extended to other ranges by use of additional 
components. 

trimming techniques 

Device performance can be enhanced by judicious 
trimming, as shown in fig. 3. Each technique is op- 
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tional, and can be applied in any combination when 
the highest performance is desired. The most useful 
of the three methods is probably the THD trim, which 
minimizes the gain cell harmonic distortion. In this 
case, a small voltage (0 to 3 volts) is used to inject a 
current into the THD TRIM terminal through the 100k 
resistor. By biasing the rectifier terminal as shown, 
the inherent current flow in the rectifier is compen¬ 
sated for and permits better low-level signal tracking. 
Typically, the gain-control signal to A1 should not be 
reflected in the output. The control feedthrough 
trimmer will minimize that signal during periods of 
low input voltage. 

applications 

An interesting and versatile group of circuits, the 
gated or switched-mode amplifier, can be built from 
the 570/571. With the device controlled by external 
logic applied to the RECt in input, the on gain is nor¬ 
mally set to any value and the off attenuation can be 
in excess of 80 dB. Use of the 570 or 571 is ad¬ 
vantageous in that all portions of the function can be 
performed entirely within the 1C. Further, the on/off 
transition times can be set to a value determined by 
the time constant from Crect- 

Fig. 4A is a logic controlled amplifier configured 
for a HIGH input to be on, and LOW off. When the 
control input is HIGH, CR1 is off and the current 



fig. 2. Schematic diagram of the devices connected as an expander, 
A, and a compressor, B. The voltage gain through the expander is 
l 43* V [N . while for the compressor it is \J0 7/P/jy. Vjn is the 
average input voltage. 


developed by Rgain flows into the rectifier input, 
which turns on the AG cell allowing the signal to be 
amplified. Rgain can be selected for the desired on 
state gain, which is unity with a rectifier current of 70 
fj. A. R1 and R3 also effect device gain, but R3 is 
selected basically for an optimum output bias of 7.5 
Vdc. R1 can also be adjusted for gain, but as shown 
the value allows up to 3 volts rms input/output signal 
levels. 



fig. 3. By applying the different trimming methods, distortion 
through the 570/571 can be reduced. Though each method is op¬ 
tional. they can be applied in any combination. 

As can be seen in the control characteristics 
plotted in fig. 4C, the gain is unity (or its nominal 
value, if chosen otherwise) for control inputs greater 
than 3 volts. Switching is quite abrupt, with full at¬ 
tenuation being achieved at levels less than 1.5 volts. 
This narrow transition width and the nominal dc 
center of 1.8 volts allows direct control from CMOS, 
TTL, DTL, or other positive logic. The ultimate 
voltage of the HIGH state is non-critical, due to the 
100-volt rating of CR1. Unfortunately, this circuit has 
one inherent weak point. Gain is sensitive to supply 
voltage due to the connection of Rgain- Thus, the 
supply voltage should be stable while choosing 
Rgain for 70 fiA into the RECT IN terminal. 

A companion circuit with complementary control 
characteristics is shown in fig. 4B. In this case, the 
gain is determined by the current developed through 
Rgain in conjunction with the internal voltage 
reference (1.8 V). With a low control input, the nor¬ 
mal current will flow out through Rgain- When the 
control signal is high, CR1 is forward biased, inter¬ 
rupting the current flow. Therefore, the output will 
be attenuated since Q3-Q4 have been turned off. 

Both circuits can be tailored for specific on-off 
transition times by selection of Crect- The time con¬ 
stant is simply 10k»CnECT (10 kilohms is the internal 
resistor). Thus, the audible switching effect can be 
smoothed, eliminating the transients produced by an 
asynchronous fast switch. The Crect value shown 
yields nominal times of 5 milliseconds. 

Use of Crect in a switched amplifier of this type is 
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fig. 4. The logic controlled amplifiers can be configured to provide 
an output with either a HIGH or LOW input. This allows the 
amplifiers to be interfaced with many different logic types, TTL, 
CMOS, DTL, etc. The resistor RqaIN should be selected to provide 
70 fiA at unity gain. Each amplifier has an on/off time determined by 
the time constant of Cp^cT with internal 10k resistor. 


optional and not absolutely necessary. However, to 
minimize noise pickup some capacitance will be 
found useful. Also, the ultimate off state attenuation 
will be limited to about 60 dB due to the internal'bias 
current. This feedthrough error can be eliminated by 
connecting a 1 megohm resistor from Crect to 
ground to bleed away the error current. This allows 
attenuation of 80 dB or more. 

Fig. 5 illustrates two sections of a 571 combined as 
a two-input multiplexer, for FSK or other uses. This 
circuit operation is similar to the others, but is biased 
and switched in a simpler manner. Gain of each on 
channel is unity, as determined by Rgain- The output 
of the B channel AG cell is summed with channel A 
by connecting the (- ) IN terminals of the A and B 
sections. The respective channels are gated off by a 
low control logic input, which clamps the rectifier 
current, switching the AG cell off. For fsk or alternate 
channel use, the CONTROL A and CONTROL 8 signals 
should be complementary. Thus, the input is 
"instantaneously" switched between the A and B 
inputs. 

Control signal suppression can be optimized with 
the CHOPPER NULL control, which trims the control 
signal component in the output. Suppression is bet¬ 
ter than 60 dB after trimming. Response time is quite 


fast, and is actually limited by the slew rate of the 
output op amp rather than the AG cell itself. This 
makes the switching interval a function of the 
signal's peak amplitude. For instance with a 4-volt 
peak amplitude signal the 0.5 V/^s slew rate will 

+ I5V 



fig. S. By providing complementary control signals, the FSK genera 
tor will switch between the two signal inputs. The outputs, when 
ON, are summed through the first operational amplifier. 
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FREQUENCY IN CYCLES PER SECOND 0 


fig. 6. Schematic diagram of an NE570 connected as an automatic level control (A). The speech filter 1C) is added to remove the undesired component: 
created by the peak clipping. The attenuation curve ID), though not sharp, provides excellent rejection of the sharp pulse spikes generated by the clipping. 


allow switching in 8 jts; lower amplitudes will be 
proportionally faster. Although the circuit is touted 
as a multiplexer, it can also be used as a summing 
switch, with both signals on at any given instant. 

automatic level control 

Automatic level control is a relatively common re¬ 
quirement in audio signal processing. A 571 
automatic level control circuit can provide constant, 
high percentage modulation with varying input 
levels, yet without danger of overload if properly 
handled. 8 This circuit (fig. 6) is adapted from the 
570/571 data sheet. There is one additional feature 
which may be useful, however: an optional resistor 
allows the threshold of level regulation to be varied. 
If Rx is left open, the circuit will have its widest range 
of gain control. As this resistor value is lowered, a 
larger input signal is required for full output. The 
general effect, for various Rx values, is shown in 
fig. 6B. 

Since the 570/571 device operates on the prin¬ 
ciples of average level detection, it will easily saturate 
on large crest factor input levels such as speech, or 
large transient envelope changes. This condition is 
highly undesirable, but, fortunately its effect can be 


negated quite simply. Since the result of overshoots 
are peak-to-peak amplitudes in excess of the regu¬ 
lated output level, it follows that appropriate peak- 
level clipping can effectively control the overshoots. 
In this case, the rms output amplitude is 0.775 volt or 
2.2 volts p-p. This particular level is conveniently 
clipped with a pair of reverse paralleled LEDs, which 
will limit to 3.2 volts p-p. The LEDs can be connected 
as shown in fig. 6 with a series resistor R y , which is 
used to regulate the clipped amplitude. 

This clipping technique, while not a requisite part 
of the automatic level control, greatly enhances its 
regulation with nonsinusoidal signals. Use of this cir¬ 
cuit with speech inputs will necessitate the diodes, 
which will typically be clipping a good portion of the 
time. This, of course, adds audible distortion to the 
output. Therefore, a useful item with the ALC/clipper 
is a speech filter to remove the superfluous high and 
low frequencies. The filter will also greatly attenuate 
harmonic components generated by clipping. 

The circuit in fig. 6C is a bandpass speech filter 
which uses a single 1C. The circuit is simply a pair of 
cascaded Sallen and Key 10 highpass filters (3-pole 
Bessel type). The Bessel response is one of the 
poorest in terms of cutoff sharpness, but good from 
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a pulse response standpoint. This feature is impor¬ 
tant to minimize amplitude overshoots which could 
occur with severely clipped inputs. 

A common 1458 (dual 741) op amp is used with 
nearest 5 per cent component values for the filter 
elements. If low-power operation is desired, the 1458 
can be replaced directly with a 358. If a 358 is used, 
10 kilohm resistors should be added from each out¬ 
put terminal to common. With unity gain, the circuit 
can drive load impedances greater than 10 kilohms. 

One very effective use for the 570 and 571 device is 
an amplitude-regulated RC sine wave oscillator. 
Typically, such circuits use a Wien bridge or other 
frequency-selective RC network, with some form of 
amplitude stabilization to maintain constant and cor¬ 
rect loop gain, and also to guarantee output 
waveform purity. A 570 or 571 is nearly optimum for 
this type of circuit because it contains the required 
functions of amplifier, rectifier, and gain-control 
circuits. 

Two types of sine wave oscillators are shown in 
fig. 7. The oscillator circuit (fig. 7A) based on the 
Wien network is formed by the combination of R1-C1 
and R2-C2. This network is placed around the output 
amplifier of section A, which effectively makes it a 
bandpass amplifier resonant at 

f= 1 

2-irRC 

With equal values of R and C, the input/output 
voltage ratio is 2 to 1. 

To originate and sustain oscillations, the 571B sec¬ 
tion is used as an inverting amplifier with a nominal 
gain of 2. A slightly greater initial gain is established 
by the combination of R6, R7, and R8, which ensures 
startup. The B section AG cell is connected as a com¬ 
pressor, which regulates this stage's gain at the 
precise value required to maintain undistorted, stable 
amplitude oscillations. 

There are two main steps taken to enhance flex¬ 
ibility of the circuit. A separate dc feedback path (R3, 
R4, C4) is used around the A stage, to remove value 
restrictions on R2 due to bias considerations. This 
allows R2 (R1) to range from 10k to 1 megohm 
without a major performance compromise. Cl and 
C2 have an even greater range, from 1 down to 
100 pF. To minimize error due to strays, the lowest 
value should be used. With the values shown, the 
circuit is capable of reasonably low harmonic distor¬ 
tion. For example, 0.03 per cent distortion was 
measured at 1.6 kHz and THD (Total Harmonic 
Distortion) can generally be held below 0.1 per cent. 
This will vary according to the specific frequency, 
and the selected impedance of the Wien network. 
The low value of distortion is due to the light degree 
of AG cell regulation. 



fig. 7. The NE570/571 can be connected as a sine-wave oscillator. 
The Wien bridge type oscillator is shown in A. For R = R1 = R2 and 
C = C1 = C2, the operating frequency is 1/2 ttRC. Resistor R should 
be limited between 10k and 1 megohm with C between 1000 pF and 
1/tF. The normal frequency range can be varied from 10 Hz to 10 
kHz. The phase-shift oscillator should be used to generate discrete 
frequencies only. Depending upon the selection of parts, the output 
frequency will be 1/2irRC\/3. 

The circuit will operate as shown over the range 
from 10 Hz to 10 kHz. Below 10 Hz component size 
becomes impractical, and above 10 kHz slew limiting 
in the output amplifier causes distortion to rise. The 
circuit is useful as a fixed frequency oscillator, but 
can also be tuned if a matched dual pot is available 
for R1-R2. Output amplitude is set by R6, and is op¬ 
timum at 1.5 volts rms output, from section A. If a 
higher output level is needed, section B output can 
also be used, at 3 volts. 

The circuit of fig. 7A may be unduly complex for 
some uses, so an alternate and much simpler 
sinusoidal oscillator is shown in fig. 7B. This circuit 
is a form of phase-shift oscillator, similar to that 
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described by Tobey, Graeme, and Huelsman. 9 A 571 
is well suited for a phase-shift oscillator because it 
contains the necessary inverting amplifier to sustain 
oscilla tion. In the circuit shown, Cl, C2, and C3 are 
the timing capacitors, while R1 and R2 are the 
resistors for the phase-shift network. R3 must be at 
least 12 times the R1-R2 value for adequate loop 
gain. AGC is provided by using the AG cell as a 
compressor. 

This circuit is not suitable for tunable use. It should 
only be used as a spot frequency oscillator, by 
varying Cl, C2 and C3. This is because R1 and R2 are 
related, by the design, to R3; in this specific case R3 
cannot be variable because it is used to set the out¬ 
put dc bias point. 

Although it uses a simple design, this circuit pro¬ 
duces excellent results. At the frequency indicated, a 
laboratory test indicated a THD of 0.01 per cent at 3 
volts output, which is remarkable in view of the cir¬ 
cuit's simplicity. To take full advantage of this per¬ 
formance, an output buffer may be useful; for this 
you could simply use the remaining channel as a 
simple unity gain inverter. 

conclusions 

This discusssion has covered a few uses for a new 
and interesting chip. In the course of this article's 
preparation several other potential uses suggested 


themselves, such as phase comparators, phase- 
locked loops, voltage-tuned oscillators, and others. 
Unfortunately, space and time restrictions did not 
permit their complete examination. 
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TS-1 MICROMINIATURE ENCODER-DECODER 



COMMUNICATIONS SPECIALISTS 

P.O. BOX 153 
BREA. CALIFORNIA 92621 
(714) 998-3021 


□ Available in all E1A standard tones 67.0 Hz-203.5Hz 

□ Microminiature in size, 125x2.0x.65"high 

□ Hi-pass tone rejection filter on board 

□ Powered by 6-16vdc, unregulated, at 3-9ma. 

□ Decode sensitivity better than lOmvRMS, bandwidth, ±2Hz max., limited 

□ Low distortion adjustable sinewave output 

□ Frequency accuracy, ±25 Hz, frequency 
stability ±.1 Hz 

□ Encodes continuously and simultaneously 
during decode, independent of mike 
hang-up 

□ Totally immune to RF 


Wired and tested, complete with 
K-l element 

$59.95 


K-l field replaceable, plug-in, frequency 
determining elements 

$3.00 each 



Six Great Products from 
INFO-TECH'S Advanced Technology 


Model 150 
RTTY Keyboard 

• 4 speeds (60, 66. 75, 100 wpm) 

• Built-in AFSK with 3 shifts (170, 425, 850 hz) 

• Automatic CR & LF at end of 64 or 72 character line 

• Built-in low shift CW ID provision 

Price. $289.50 


Model 100 

TRI-MODE Converter 

• F-8 Microprocessor based 

• Morse reception with automatic speed 
& wordspace 

• RTTY reception— 4 speeds manually selected 

• ASCII reception at 100 wpm (110 baud) 

• Requires T.U. for demodulation on RTTY & ASCII 

• Video display - 32 characters x 16 lines or 


72 characters x 16 lines 

Price: 32 character Video.$450 

72 character Video, .$475 


Model 10D 
Morse Keyboard 

• Adjustable speed range, 

6 to 60 wpm (higher on 

• Adjustable weight 

• 64 character running buffer with meter indication 
of capacity 

• Grid & cathode keying lacks provided 

Price:.$289.50 






Model 75 

RTTY to Video Converter 


4 speeds (60. 66. 75, 100 wpm) 

3 shifts (170, 425, 850 hz with built in active 
filter T.U ) 

32characterx 16 line or 72 character x 16 line Video 
Connects directly to Receiver Audio and 
Video Monitor 


Price: 32 character Video,.$324.95 

72 character Video.$344.95 


Model 30C 
Morse Converter 

• F-8 Microprocessor based 

• Automatic speed & wordspace 

• Attaches directly to receiver audio and 
video monitor 

• Video display - 32 characters x 16 lines or 


72 characters x 16 lines 

Price: 32 character Video.$324.95 

72 character Video.$344.95 



Model 92 
Terminal Unit 

• Three switch selectable shifts (170, 425, 850 hz) 

• L E D Tuning indicators 

• Limiter & normal/reverse control 

• Digital and loop output (loop supply not included) 

Price:.$99.50 



• All prices F.O.B. St. Louis 

• Converter sizes - 9" wide x 3’/2" high x 13” deep 

• Keyboard sizes - 12" wide x 3’/2” high x 11” deep 

• 6 month warranty on parts & workmanship on all products 


INFOTECH 


INCORPORATED Specializing in Digital Electronic Systems 

20 Worthington Drive St Louis. Missouri 63043 Phone (314) 576-5489 
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high dynamic range 


two-meter converter 


pose of this circuit is to get 
of a mixer by obtaining tl 


Circuit details 
for a 2-meter converter 
with a +15 dBM 
intercept point 
and 5 dB noise figure 

This two-meter converter is an improved version 
of an earlier model 1 and is a result of research and 
development which I did around 1969 at AEG- 
Telefunken in Ulm, Germany. The German Ministry 
of Postal Affairs (equivalent to the U. S. FCC) re¬ 
quires that for all approved receivers for commercial 
and military application, a dynamic adjacent channel 
measurement must be performed. The result of the 
test depends upon the third-order intermodulation- 
distortion characteristic of the input stages. 

A Radio Amateur group has used this particular 
converter circuitry which was later referred to as the 
"Martin front end." 2 This technique is also suc¬ 
cessfully used in the Rohde & Schwarz high- 
frequency Communication Receiver EK47, and was 
later adopted by Southcom and Atlas. The basic pur- 


the best performance out 
te lowest possible noise 
figure. To achieve this, the i-f output circuit has to be 
properly terminated over a large frequency range. 
This feature was previously described in ham radio 2 
During the last few months, the third-order inter¬ 
modulation distortion has been evaluated in several 
magazines. However, a so-called second-order inter¬ 
modulation distortion problem has received little 
mention. 

A two-tone test is used for both second- and third- 
order IMD performance measurements. Second- 
order performance is checked at fi ±f 2 - Third-order is 
the performance at fi ± 2 f 2 . 5 To reduce the effects of 
second-order IMD, it is necessary to use as much 
selectivity as possible and then compensate for the 
losses of these filters by using appropriate amplifiers. 
A suitable low-noise preamplifier with wide-band 
matching will be discussed later. 

The two-meter converter shown in fig. 1 combines 
these techniques. It was designed for extreme linear¬ 
ity and selectivity with the added goal of keeping the 
noise figure below 5 dB. 

Many converters with noise figures below 3 dB 
described in the literature use neutralization. This 
method has two distinct disadvantages in the way it 
is currently done: 

1. The neutralization can be made only over an 
extremely narrow frequency range, and 

2. Since, in most cases, amateurs do not have ade- 


By Ulrich Rohde, DJ2LR, 52 Hillcrest Drive, 
Upper Saddle River, New Jersey 07458 
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fig. 1. A two-meter converter with + 15 dBm intercept point. 16 dB power gain, and leas than 5 dB noise figure. 


quate test instruments, an exact adjustment is 
seldom achieved, which degrades the two-tone IMD 
performance. 

This converter has five tuned circuits at the input fre¬ 
quency which results in an overall bandwidth of bare¬ 
ly 4 MHz. Proper tuning of this converter can best be 
achieved by the use of a suitable sweep generator. 
These five tuned circuits provide an image sup- 



Photograph of the convertor board Two additional output stages 
have been added 


pression of 60 dB for an i-f of 10 MHz, or more than 
80 dB for an i-f around 30 MHz. To simplify the cir¬ 
cuit, U-309 fets are used which should have an l D ss 
= 20 m.4. The third-order IMD of these transistors 
can be neglected as compared to the performance of 
the SRA-1H mixer. The overall gain between the 
antenna termination and the mixer input is about 10 
dB. Therefore, the overall intercept point of the con¬ 
verter is + 15 dBm with a noise figure of slightly less 
than 5 dB. Part of the fairly high noise figure is due to 
the 1-dB loss in the pin-diode attenuator. 

This converter uses the ground-gate field-effect 
transistor circuit as described in reference 2. 
However, in the original version, 1 a special bipolar 
transistor in grounded-base configuration was used 
and provided a suitable wideband match for the 
mixer. This converter is shown in fig. 2 as part of a 
transceiver that uses a frequency-locking system to 
stabilize the free-running oscillator in increments of 
6.25 Hz (semi-synthesized). 

unconditionally stable low-noise 
input stage 

The low-noise preamplifier shown in fig. 3 is based 
upon a circuit suggested by AEG-Telefunken in the 
1950s and first published by me in English. 3 4 It was 
used to achieve extremely low-noise input stages 
with triodes while avoiding neutralizing circuits with 
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fjg. 2. Photograph of a semi synthesized 2 meter transceiver using 
the converter shown in fig 1. 


their inherent mass production problems. The same 
feedback arrangement not only avoids all instability 
problems but also improves the dynamic range. With 
practically all other neutralizing circuits a certain 
degree of performance reduction is observed. 

The amplifier shown in fig. 3 is a mixture between 
a grounded-gate and a grounded source circuit. It is 
a bridge arrangement which neutralizes the feedback 


IMfVT UNK IS 1/4 THE OUTPUT 



Fig. 3 Low noise pre amplifier with rf feedback to provide uncon¬ 
ditional stability and low distortion 


capacitance between gate and drain. In addition, the 
input impedance (/ .S') is transformed in parallel 
between the gate and ground and provides the 
necessary wideband characteristic. A noise figure of 
between 1 and 2 dB, using the inexpensive 2N4416, 
can be easily achieved and the gain is roughly 15 dB 
The circuit is unconditionally stable. This is the only 
circuit known to me which combines optimum 
matching for best noise, lowest input swr, and best 
matching for high power gain. 
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Ball 

Bearings 

Motor Sull 
Tor qua 

Windload 

Antenna 

Brake 

Torque 

Weight 

Wilson’s WR1000 

116 

4000” Lbs 

40 Sq. Ft. 

12.000” Lbs 

65 Lbs. 

CDE’s Ham II* 

98 

1000” Lbs 

7.5 Sq Ft. 

3.500” Lbs 



•Specification* taken from COE** Catalog S/77 SM 

Additions! Specs. Weatherproof plug in cable receptacle (no terminel strips to con¬ 
tend with), attractive control bo*, will accept 2” • 3*’ masts, size 11” dia. 19 high. 


Want more information? See this equipment at your authorized 
Wilson Dealer, or write for further specifications, to: 

Wilson Electronics Corp. 

4288 So. Polaris • P. O. Bos 19000 • Las Vagas. Nasada 89119 
Phona 17021 739 1931 • Talas 684 522 

ASK FOR WILSON: 

ANTENNAS e TOWERS • ROTORS • AMATEUR RADIOS 


Designed to handle the 
largest arrays, 
the WR1000 is the Rotor 
everyone has been 
waiting for. 

Superior to prop pitch 
rotors, you’ll never 
have to worry about 
turning your antenna 
in the wind 
or having the brake 
strip out. 


The 30" stainless steel 
spur ring gear is the 
heart of the WR1000. 
illustrated at the right 
next to CDE’s Ham II, 
demonstrates the 
massive size ... 

116 steel 
ball bearings 
capable of withstanding 
loads of over 
one ton 

of balanced weight. cdcs ham it 


COMPARE THESE SPECIFICATIONS 
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IN STOCK WITH YOUR LOCAL DEALER 

IN CANADA: 

SCOTCOMM RADIO LTD. - 4643 Lovasqua Blvd. - Chomedey. Laval, Quabac 

WORLDWIDE: 

MAGNUS - 5715 North Lincoln Avo. - Chicago. III.. U. S. A. 60659 
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LinuMUBMniy «inr 

General purpose amplifier which 
may be used as a tuned or untuned 
unit in RF and audio applications. 20 
Hz to 150 MHz with 6 to 30 db gain. 
Cat No 035107 
Specify when ordering 

$4.75 ea. 


SAX-1 

TRANSISTOR ^1/ 

RF AMP 

A small signal amplifier to drive the 
MXX-1 Mixer. Single tuned input and 
link output. 3 to 20 MHz, Lo Kit, Cat. 
No. 035102. 20 to 170 MHz, Hi Kit, 
Cat. No. 035103. 

Specify when ordering. 

$4.50 ea. 


Resistor/capacitor circuit provides 
osc over a range of freq with the 
desired crystal. 2 to 22 MHz, OF-1 LO, 
Cat. No. 035108. 18 to 60 MHz. OF-1 
HI, Cat. No. 035109 
Specify when ordering. 

$3.25 ea. 


OF-1 OSCILLATOR 


RF MIXER 

A single tuned circuit intended for 
signal conversion in the 30 to 170 
MHz range. Harmonics of the OX or 
OF-1 oscillator are used for injection 
in the 60 to 179 MHz range. 3 to 20 
MHz, Lo Kit, Cat. No. 035105. 20 to 
170 MHz. Hi Kit, Cat. No. 035106 
Specify when ordering. 

$4.50 ea. 


PAX-1 

TRANSISTOR 
RF POWER AMP 

A single tuned output amplifier de¬ 
signed to follow the OX or OF-1 
oscillator. Outputs up to 200 mw, de¬ 
pending on frequency and voltage. 
Amplifier can be amplitude mod¬ 
ulated. 3 to 30 MHz, Cat. No. 035104 
Specify when ordering. 

$4.75 ea. 

v J 


OX OSCILLATOR 

Crystal controlled transistor type. 3 
to 20 MHz. OX-Lo, Cat. No. 035100. 
20 to 60 MHz. OX-Hi. Cat. No. 035101 
Specify when ordering. 

$3.95 ea. 


INTERNATIONAL CRYSTALS 6 KITS 

OSCILLATORS • RF MIXER • RF AMPLIFIER • POWER AMPLIFIER 



.02% Calibration Tolerance 

EXPERIMENTER CRYSTALS 

(HC 6/U Holder) 

Cat. No Specifications 

031080 3 to 20 MHz — for use in OX OSC Lo 

Specify when ordering $4.95 ea. 

031081 20 to 60 MHz — For use in OX OSC Hi 

Specify when ordering $4.95 ea. 

031300 3 to 20 MHz — For use in OF-1L OSC 

Specify when ordering $4.25 ea. 

031310 20 to 60 MHz — For use in OF-1 H OSC 

Specify when ordering $4.25 ea. 


Shipping and postage (inside U S . Canada and Mexico only) 
will be prepaid by International. Prices quoted for U.S.. 
Canada and Mexico orders only. Orders for shipment to other 
countries will be quoted on request Address orders to: 
M/S Dept.. P.O. Box 32497. 

Oklahoma City, Oklahoma 73132. 



International Crystal Mfg. Co., Inc. 

10 North Lee 

Oklahoma City. Oklahoma 73102 
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THE ATLAS 210x/215x SSB AMATEUR RADIO 


The Atlas transceiver is by far the most 
popular single sideband amateur trans¬ 
ceiver for marine service because of its 
light weight and low power con¬ 
sumption. And despite its small size. 
3’/a" x 9Vj" x 9V 2 ". it is a giant in per¬ 
formance 

Hundreds of Atlas transceivers are now 
in regular marine mobile use through¬ 
out the world, providing inexpensive 
phone patch communications for your 
boat, as well as emergency commu¬ 
nications when necessary 

In a recent mishap at sea. the sailing 
yacht 'Sorcery' was severely dam¬ 
aged in a storm, to the point of almost 
sinking All communications equip¬ 
ment was knocked out except for an 
Atlas amateur radio transceiver Using 
the Atlas, they were able to contact sev¬ 
eral ham operators who relayed their 
messages to the Coast Guard Had it 
not been for the little Atlas transceiver. 

Sorcery ' with all aboard, would al¬ 
most surely have been lost. 


In the 1976 single handed Transatlan¬ 
tic Yacht Race. Bob Lengyel used the 
Atlas 2 1 5x transceiver to maintain 
communications with the mainland 
during the entire voyage. Crossing the 
Atlantic Ocean solo in a small boat de¬ 
mands reliable communications, and 
Bob Lengyel selected the Atlas trans¬ 
ceiver. 

With an accessory crystal oscillator 
other frequencies such as WWV may 
also be tuned in. The Atlas 21 5x pro¬ 
vides a powerful, reliable, yet light¬ 



weight back-up communications 
system that should be on every offshore 
boat. 

Atlas 21 Ox or 215x $679 

Model 21 Ox covers 3.5, 7. 14, 21 and 
28 MHz ham bands. Model 21 5x cov¬ 
ers 18. 3.5, 7. 14 and 21 MHz ham 
bands. 

Atlas transceivers are available at most 
amateur radio stores For complete in¬ 
formation see your Atlas dealer, or drop 
us a card and we 7/ mail you a brochure 
with dealer list 


RADIO INC. 

417 Vlo Del Monte, Oceanside, CA 92054 
Phone (714) 433-1983 
Special Customer Service Direct Line 
(714) 433 9591 




















caption device 


for 

slow-scan television 

An easy way 
to dress up your 
video with 
professional-appearing 

captions 

I built a camera for slow-scan television (standard 625 
line) and needed a method to rapidly change the 
material being televised. Because of space limitations, 
the camera had to be located fairly close to the subject. 
Using an /1.9, 16-mm focal-length lens resulted in a 
subject area of 4 x 4 inches (102 x 102mm) with the 
camera 9 inches (230mm) away, giving a 3%-inch 
(83mm) square reproduction on my monitor, which uses 
a 5-inch (127.5mm) type 5FP7 tube. 

On the receiving end the monitor-screen size is un¬ 
important since, with the 128-line system used, the 
screen will be filled depending on amplitude-control 
settings. 

description 

The caption device is based on the use of plastic-strip 
magnets. The type I used are strip magnets for 
refrigerator doors; however, small bar magnets about 
0.2-inch square by 1 -inch long (5mm by 25.5mm) work 
very well. 

A sheet of 16-gauge steel plate 9-inches (230mm) 
square was used as a backing plate to hold the caption 


board (described later). The backing plate was mounted 
on a frame so that it was square with the camera. The 
backing plate can be painted a matte black or covered 
with plastic self-adhesive material, which is obtainable at 
most hardware stores. 

The next step is to make the caption boards. Two 
boards were made, one for letters and numbers and one 
for prepared pictures and captions. These are called the 
"variable caption board" and the "prepared caption 
board." Each is described separately. 

variable caption board 

For this board I obtained a piece of 0.1 -inch-thick 
(2.6mm) card stock and cut it to 9.5 by 5.5 inches (242 
by 140mm). The size depends on the lens you are using, 
but this size was for the /1.9, 16-mm lens mentioned 
previously. 

I then cut the plastic magnet material into strips 
about 0.15 to 0.2 inch (3.8 to 5mm) long using a 
fretsaw. If you can obtain magnets near this size, so 
much the better. The objective is to obtain strips of 
magnetic material measuring 0.15 to 0.2-inch (3.8 to 
5mm) square. 

The card was marked as shown in fig. 1 . Slots were 
cut using a sharp modeling knife and straightedge. The 
card was then put onto a flat surface and the magnets 
inserted into the slots so that the two original surfaces of 
the magnets were face down and face up, respectively. 
The rough-cut edges should mate with the walls of the 
cutout slots. 

The magnets should now project from the card on the 
side facing you but will be flush with the face of the 
card on the other side. While the card is in this position, 
mix some two-part quick-set epoxy and place blobs 
around the magnets. When the epoxy is cured, the card 
can be covered on the flush side with a piece of plain 
white paper using impact adhesive. 

We now have a basic board, plain white on one side 
with slightly projecting magnets on the other. The board 
will remain in position when placed against the steel 
supporting plate. 

Alphabets. The next step is to prepare a couple of 

By M. Allenden, G3LTZ, 3 Westhill Close, High- 
worth, Swindon, Wilts SN6 7BY, England 
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fig. 1 Caption board construction. A. and details for mounting the 
magnets onto the board. B Dimensions are for the variable caption 
board For the prepared caption board only cutouts and magnets 
marked A and E are used 


alphabets and numbers to use with the variable caption 
board. Purchase a sheet of rub-on letters (available from 
stationery stores or commercial-artist suppliers). Choose 
a bold condensed type face about 3/4-inch (19mm) high. 

Using a piece of clean white card stock, rub on two of 
each letter in the alphabet and all the numbers. Keep 
them within the lines as printed on the sheets and try to 
space them equally for a professional appearance. 
Burnish letters and numbers using the rub on sheet 
backing. 

Next, carefully cut the characters into identical- 
height strips (except the letter Q, which must be slightly 
larger than, say, A or B). Use a square and cut each 
character from the strip into a rectangle as shown in 
fig. 2. 

Obtain some thin steel washers about 3/8-inch 
(9.5mm) in diameter. Mark the exact center of the back 
of each letter card, then affix the washer in position 
using double-sided adhesive tape. You now will have 
alphabets and numerals that can be put onto the 
prepared magnet card in all sorts of combinations. If you 
cut the letter or number cards so they are square, they 
should mate evenly. 


Applications. The magnet board can be made off-camera 
then placed against the steel supporting plate for on-the- 
air display. The result will be a neat and flexible method 
for originating captions. If you can’t find the recom¬ 
mended steel washers, small pieces cut from tin-can tops 
can be used. 

prepared caption board 

This board is similar to the variable letter and number 
board but uses fewer magnets. It is prepared in the same 
way as the variable caption board (see details A and E. 
fig. 1). The two magnets shown hold the board against 
the steel backing plate and also hold the prepared 
material in place. 

For this board, cut thin pieces of card stock to 5/4 by 
7 inches (140 by 180mm). Use a prepared stencil with a 
4 by 4-inch (102 by 102mm) cutout. Draw lightly in 
pencil a 4 by 4-inch (102 by 102mm) outline on each 
sheet so that it's centered and in exactly the same 
position each time. (Retain the stencil for future use.) 

Next, paste up your photos, rub-on letters, or test 
cards on each sheet within the 4 by 4-inch (102 by 
102mm) outline. These sheets will usually contain 
standard material used on the air such as, "CQ de XXX," 
"My name is Joe," and so forth. 

Returning now to the cardboard with the two 
magnets inserted, epoxied and covered with white paper, 
the next step is to make a small ledge along the bottom 
to hold the bottom of the prepared material. The top is 
retained by steel washers or tinplate affixed to the back 
of each sheet next to the magnet inserted in the card¬ 
board. The bottom holding rail is made from a piece 
of plastic sliding door runner such as used in cup¬ 
boards. It is held in place with impact adhesive. 

The finished board can now be placed onto the steel 



Rear of the variable caption board, left, and front of the prepared 
caption board, center The rear of a prepared caption card is shown 
at right The two steel wahsers hold the card to the magnet board A 
prepared caption card is shown at the bottom. 
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Storage rack for the caption letters and numbers. It is made of card¬ 
board with strips of magnet cemented to the surface for easy 
removal of letters. Note the pieces of tinplate on the backs of 
removed letters. 


backing plate, which holds the board vertical and square. 
Prepared sheets can be quickly dropped into the bottom 
rail and pushed gently back. They will remain in position 
easily. 

You can also use this system to televise unprepared 
material simply by placing your drawing or picture onto 
the steel back plate. Use one or two bar magnets to hold 
the material to the plate. 


final remarks 


The system has proved its worth in use. With the two 


FRONT 


magnet boards and steel back plate, material can be 
changed quickly and positioned in the same place during 
on-the-air contacts. Obviously the idea can be adapted to 
fit your own camera. The dimensions given are such 
that, with my camera on a flat table, the center of the 
magnet board 4 by 4-inch (102 by 102mm) viewing area 
lies in line with the center of the camera lens. A couple 
of stick-on dots indicate the horizontal position of the 
magnet board when placing it onto the steel back plate, 
and two pieces of tape are used to position the camera. 


0 9* 

123mm) 


STEEL WASHER 
OR PIECE Of TIN PLATE 
FIXED TO CENTER 


FULL SIZE 


fig. 2. Construction of individual iettars or numbers. The author 
used Letraset sheets (2683 in Europe; 113-72-CN in the USA). 
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80-10M TRANSCEIVER 


TR-7400A 

9U mobile TRANSCVR 


TR-7200A 
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AC/DC POWER SUPPLY 


TR-2200A 

2M PORTABLE TRANSCVR 


R-599D 

160-10M RECEIVER 
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A NEW STANDARD IN 
ECONOMY TRANSCEIVERS 

The NEW TS-520S combines all of the fine, field-proven characteristics of the original TS-520 together 
with many of the ideas, comments, and suggestions for improvement from amateurs 
worldwide. Kenwood's ultimate objectives... to make quality equipment available at reasonable prices. 


FULL COVERAGE TRANSCEIVER 
The new TS-520S provides full cover¬ 
age on all amateur bands from 1 8 to 
29 7 MHz Kenwood gives you 160 
meter capability. WWV on 1 5 000 
MHz . and an auxiliary band position 
for maximum flexibility And with the 
addition of the TV-502 and TV-506 
transverters. yourTS-520S can cover 
160 meters to 2 meters on SSB and CW 
DIGITAL DISPLAY DG-5 (option) 

The new Kenwood DG-5 provides easy, 
accurate readout of your operating fre¬ 
quency while transmitting and receiving 

OUTSTANDING RECEIVER 
SENSITIVITY AND MINIMUM 
CROSS MODULATION 
The new TS-520S incorporates a 3SK- 
35 dual gate MOSFET for outstanding 
cross modulation and spurious response 
characteristics The 3SK35 has a low 
noise figure (3 5 dB typ ) and high gain 
(18 dB typ.) for excellent sensitivity 

NEW IMPROVED SPEECH 
PROCESSOR 

A new audio compression amplifier gives 
you extra punch in the pile ups and 
when the going gets rough 

VERNIER TUNING FOR FINAL 
PLATE CONTROL 

A new vernier tuning mechanism allows 


easy and accurate adjustment of the 
plate control during tune-up 

FINAL AMPLIFIER 
The new TS-520S is completely solid 
state except for the driver (12BY7A) 
and the final tubes Rather than substi¬ 
tute TV sweep tubes as final amplifier 
tubes in a state of the art amateur trans¬ 
ceiver, Kenwood has employed two 
husky S-2001A (equivalent to 6146B) 
tubes These rugged, time-proven tubes 
are known for their long life and superb 
linearity 

HIGHLY EFFECTIVE NOISE 
BLANKER 

An effective noise blanking circuit 
developed by Kenwood that virtually 
eliminates ignition noise is built-in to 
the TS-520S 
RF ATTENUATOR 

The newTS-520S has a built-in 20 dB 
atlentuator that can be activated by a 
push button switch conveniently located 
on the front panel 

VFO-520 -NEW REMOTE VFO 
The VFO-520 remote VFO has been 
designed to match the styling of the 
TS-520S and provide maximum oper¬ 
ating flexibility on the band selected 
on your TS-520S 


AC POWER SUPPLY 
The TS-520S is completely self-con¬ 
tained with a rugged AC power supply 
built-in The addition of the DS-1A DC- 
DC converter (option) allows for mobile 
operation of the TS-520S 
EASY CONNECTION PHONE PATCH 
The TS-520S has 2 convenient RCA 
phono lacks on the rear panel for PHONE 
PATCH IN and PHONE PATCH OUT 
CW 520-CW FILTER (OPTION) 

The CW-520 500 Hz filter can be easily 
installed and will provide improved 
operation on CW 

AMPLIFIED TYPE AGC CIRCUIT 
The AGC circuit has 3 positions (OFF, 
FAST. SLOW) to enable the TS-520S 
to be operated in the optimum condi¬ 
tion at all times whether operating CW 
or SSB 

The TS-520S retains all of the features 
of the original TS-520 that made it tops 
in its class: RIT control • 8-pole crystal 
filter • Built-in 25 KHz calibrator • Front 
panel carrier level control • Semi-break- 
in CWwith sidetone • VOX/PTT/MOX • 
TUNE position for low power tune up 

• Built-in speaker • Built-in Cooling Fan 

• Provisions for 4 fixed frequency chan¬ 
nels • Heater switch 
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pecriications 


Amateui Bands: 16010 meters 
plus WWV (receive only) 

Modes USB. ISB. CW 
Antenna Impedance 5075 Ohms 
Frequency Stability Within ± l 
kHt during one hour alter one 
minute ol warm up. and within 
100 Hr during any 30 minute 
period thereafter 
lubes i Semiconductors 


Tubes 

3 

(S2001A»2.12BV7A) 


Transistors 

52 

FETs 

19 

Diodes 

101 


Power Requirements 120/220 V 
AC. 50/60 Hr. 13 8 V DC 
(with optional DS1A) 

Power Consumption Transmit: 

280 Watts Receive 26 Watts 
(with heater oil) 

Dimension 333(13'*) W > 153 (6 0) 
H 1 335(13 (13 3/16) D mm(mch) 
Weight: 160 kg(35.2 lbs) 

IRANSMITTER 

RF Inpul Power SSB 200 Watts 
PEP CW 160 Watts DC 
Carrier Suppression: Better than 
40 dB 

Sideband Suppression Better 
than -50 dB 

Spurious Radiation Better than 
40 dB 

Microphone Impedance 50k Ohms 
AF Response: 400 to 2,600 Hr 


RECEIVER 

Sensitivity 025 uV (or 10 dB 
<S+N)/N 

Selectivity SSB 2 4 kHr/ 6 dB. 

4 4 kHr/-60 dB 
Selectivity CW 0 5 kHr/ 6 dB 
1.5 kHr/-60 dB (with optional 
CW 520 filter l 

Image Ratio Better than 50 dB 
IF Reiection Better than 50 dB 
AF Output Power 10 Watt (8 
Ohm load, wdh less than 10% 
distortion) 

AF Output Impedance 4 lo 16 
Ohms 


DG 5 

SPECIFICATIONS 
Measuring Range 100 Hr to 
40 MHr 

Input Impedance 5 k Ohms 
Gate Time 01 Sec 
Input Sensitivity: 100 Hr lo 40 
MHr 200 mV rms or over. 10 
kHr lo 10 MHr 50 mV or over 
Measuring Accuracy Internal time 
base accuracy ±01 count 
Time Base 10 MHr 
Operating Temperature 10* to 
50“ C/14* 122* F 
Power Requirement Supplied 
from IS 520S or 12 to 16 VOC 
(nominal 138 VDC) 

Dimensions 167(6 9/16) W i 
43(111/16) Hu 268(109/16) D 
mm(mch) 

Weight 1.3 kg(29 lbs) 
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dg- 5 t __ m say 

The luxury of digital readout is available on the TS-520S by connecting the 
new DG-5 readout (option) More than |ust the average readout circuit, this 
counter mixes the carrier. VFO. and heterodyne frequencies to give you your 
exact frequency This handsomely-styled accessory can be set almost any¬ 
place in your shack for easy to read operation or set it on the dashboard 
during mobile operation for safety and convenience Six bold digits display 
your operating frequency while you transmit and receive Complete with DH 
(display hold) switch for frequency memory and 2 position intensity selector 
The DG-5 can also be used as a normal frequency counter up to 40 MH* at 
the touch of a switch (Input cable provided ) 

NOTE TS-520 owners can use the DG-5 with a DK-520 adapter kit 


Phono 

patch 

connections 


‘ 120V/220V switch 
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1977 Hy-Gain 


A 2'METER HAND HELD THIS GOOD 
SHOULD COST MORE THAN $200. 

BUT IT DOESN’T. 


The remarkable Hy-Gain 3806 
hand-held 2-meter transceiver. 

So technically advanced it 
gives you unprecedented perfor¬ 
mance. So over-engineered it's 
virtually failure-proof in normal 
use. And so lightweight you can 
carry it wherever you go. 

Yet. the Hy-Gain 3806 costs 
less than S200. 

Try the Hy-Gain 3806 2- 
meter hand-held wherever fine 
Amateur radio products are sold. 
Or write Hy-Gain. Do it today. 

SPECIFICATIONS: 

General 

Dimensions 

216mm h x 87mm w x 47mm d 
(8.5" x 3.42" x 1.85”) 

Weight 

Approx. I kg. (2.2 lbs.) w Nicad 
power pack 

Power requirement 

I2VDC 

Current drain 

Transmit: approx. 380 mA at I2VDC 
Receive: Max. audio output 100 mA 
at I2VDC 

Stand-by: Squelch on, 20 mA at 
I2VDC 

Power source 

8AA penllght cells or optional 
Nicad power pack 

Channels 

6. crystals for 146 52 simplex 
supplied 

Output Impedance 

50 ohms nominal 

Frequency range 

144- 148 MHz 

Compliance 

Receiver certified under FCC Part 15 
Crystal specifications 

Receiver: Mode, third overtone: 
Oscillation frequency and range 
(F-10.7) 3 Transmitter: Mode, 

fundamental: Oscillation frequency 
and range. F/12 (Where F is operat¬ 
ing frequency from 144.1-148.0 
MHz) 


Transmitter 
Circuit system 

Crystal-controlled, phase modulation 
32 pf parallel load capacity. HC-25 
holder 

Nominal RF output 

1.5 watts with I2VDC input 

Frequency multiplication 

12 times 

Frequency stability 

± 10 x 10" from -20 C to * 50 C 
ambient temperature (10-1 4VDC) 

Max. frequency deviation 

± 5kHz (phase modulation) 

TX audio frequency response 

Within t- I dB and-3 dB of true 6 dB 
per octave, pre-emphasis from 300 
to 3000 Hz 

Minimum signal/noise ratio 

At least 35 dB below * 3.3 kHz 
deviation 

Spurious and harmonic suppression 

2.5pw In band, less than 25pw out of 
band 

Exceeds FCC Part 97.73 

Modulation sensitivity 

Adjustable sound pressure level 
mic praamp 

Splatter filter 

Exceeds FCC requirement for land 
mobilentse 


Receiver 
Circuit system 

Crystal-controlled, double conver¬ 
sion superheterodyne: 32 pf parallel 
load capacity. HC-25 holder 

I st local oscillator frequency 
stability 

± 10 x 10 “from -20 C to + 50 C 
ambient temperature (10- I4VDC) 

Sensitivity: 

20 dB noise quieting 

Less than 0.5 pv (closed circuit 
method) 

12 dB Slnad 

Less than 0.4 pv for I 2 dB SINAD 
Modulation acceptance 
More than ± 7 kHz (EIA) 

Spurious and image response 

-80 dB below rated sensitivity 
Squelch sensitivity 

Noise compensated type: less than 
0.3 /tv threshold, below 2 pv with 
full squelch 

Ad|acent channel selectivity 

-90 dB + 25 kHz (2 signal generator 
method) 

Intermodulation 

55 dB (EIA SINAD. 3 generator 
method) 

Audio frequency response 

Within »2 dB and -8 dB of true 

6 dB per octave, de-emphasis from 

300 to 3000 Hz 

Audio output power 

.5 watt with less than 10% distortion 

Complete line of accessories also 
available, including AC charger. 

DC power cord. Carrying case. 
External antenna adaptor cable. 
Sealed Nicad power pack. 

And space-saving flex antenna. 

Complete service manual $7.50 from 
Hy-Gain Service Dept: 4900 Superior 
Ave.: Lincoln. NE 68505. 

MftU-gain 

We keep people talk 103. 

Hy-Gain Electronics Corporation 
8601 Northeast Highway Six; 

Lincoln. NE 68505 
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continuity bleeper 


for circuit tracing 


The four 
comparator amplifiers 
in the Motorola 
MC3302P 1C 
are put to work 
in this circuit tester 


When tracing circuits with an ordinary continuity tester, 
the procedure is slowed by the need to look away from 
the circuit to read the meter. The procedure is also risky 
because of the inability to distinguish between conduc¬ 
tors and low-resistance components, such as inductors. 
Electromechanical buzzers are better, but they pass 


currents or induce voltages that damage transistor 
circuits. 

These thoughts led to the design of the continuity 
tester described here. It delivers a continuous audio tone 
when the test terminals are connected by a resistance of 
less than about 1 ohm. The circuit under test never sees 
more than 3 volts or 300 mA, depending on its 
resistance. The tester ticks gently when switched on but 
open-circuited, as a reminder that the battery is on load, 
although the battery load is only 0.8 mA. 

description 

This complex pattern of operation is made easy by 
the Motorola low-power MC3302P 1C, which contains 
four identical comparator amplifiers (fig. 1). These 
amplifiers are used in the tester as a measurement 
comparator, audio oscillator, loudspeaker amplifier, and 
economy ticker. The unusual differential input arrange¬ 
ment, fig. 1, allows the chip to operate down to zero 
common-mode voltage with a single supply of only 3 
volts nominal. The current-sinking output transistor is 
particularly appropriate for the measurement compara¬ 
tor, U1A (fig. 2). 

packaging 

The MC3302P 1C, together with battery and a 2-inch 
(51mm) diameter speaker, is enclosed within an alumi¬ 
num box measuring 4% x 3% x 2 inches 
(121x96x51mm). The method of construction is shown 
in the photos. 

circuit 

Referring to fig. 2, U1A is a balance detector in a 

By R. C. Marshall, G3SBA, 30 Ox Lane, Harpenden, 
Herts, England 
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■O OUTPUT 


fig. 1. Schematic of one of four identical comparator amplifiers contained in the Motorola MC3302P 1C, which is the heart of the continuity 
bleeper circuit. 



ECONOMY TICKER 


fig. 2. Continuity-bleeper schematic. U1A through U1D, all contained in the MC3302P, provide the four circuits for the tester. Pins 3 and 12 of the 
1C are used in the power supply. All resistors are ± 10% 1/8 watt, except R1. 
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bridge circuit. If the external resistance between the test 
terminals exceeds the product R1 x R3IR2, the output 
short circuits Cl and disables tone oscillator U1B. 

Measuring-circuit tolerance is determined by R1, R2, 
R3 in the measurement comparator, and by the offset of 
U1A. The threshold is between 0.7-1.6 ohms. If desired, 
R2 or R3 may be trimmed to set the threshold to, say, 
exactly 1 ohm or 0.5 ohm. Power zener CR1 protects 
the tester should it he connected to a "live" circuit. 



Entire circuit including speaker and power supply is enclosed in a 
small aluminum box. 

Comparator U1B is a 600-Hz oscillator. Resistors R5, 
R6, R7 provide positive feedback, so that comparator 
output snaps rapidly through a range nearly equal to the 


supply voltage. This output is returned to the other 
input through R4 and Cl, whose voltage is an approxi¬ 
mate sawtooth that causes the comparator to switch 
when the voltage increases to 2/3 and falls to 1/3 of the 
supply voltage, thus generating the square-wave output. 

The input of speaker amplifier U1C is connected to 
ensure miminum supply current when U1A turns off the 
tone oscillator. Resistor R9 defines volume and current 
consumption when the tone is on. 

The economy ticker, U1D, draws a 0.25 millisecond 
pulse of current through the speaker every half second. 
Its operation is similar to that of U1B, apart from the 
extra diode, CR2, which gives the short discharge time 
for C2 that corresponds to the "tick." If the tick isn't 
loud enough, resistor R14 may be reduced to 220 ohms 
(at the cost of increasing current consumption to 1.8 
mA). 

power supply 

The battery must be able to deliver 0.3 ampere to the 
measuring circuit, so an inexpensive two-cell lantern 
battery is used in this application. Battery replacement 
will be rare, so the battery is secured between the 
supports of a Veroboard component panel. Connection 
is by insulated spring clips that bridge these supports. 

With the availability of the MC3302P, the circuit 
described here has become a practicality. It can be a 
great time saver for both experimenter and professional 
in circuit testing. 
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• General Communication A Industry 

• Citizen's Band 
(Standard A Synthesized) 

• Two-Meter - Monitor - Scanners 

• Marine VHF • Amateur Bands 


Depend on Jan Crystals 
made in U. S. A. tor 

• Frequency Control* Frequency Stability 

• High Perlormance 


Send 10' tor our latest catalog 
Write or phone for more details 



2400 Crystal Drive 
Ft Myers, Florida 33901 
all phones (813) 936-2397 


HAMAMATSU - 7262A vidicon tube 



#9180 — Brand new type 7262A is a standard 1" vidicon 
with electrical characteristics similar to type 7735A with elec- 
tromagnectic deflection & focus. Slightly shorter in length with 
a low power heater 6.3V @ 95ma (0.6W). Intended for use in 
compact, transistorized CCTV cameras both B&W & color. In¬ 
terchangeable with type 7735A, 7038 etc. for improved per¬ 
formance. $29.95 each. Lots of 10 - cash with order - deduct 
10 %. 

Free Flyers of Video equipment listing this 
and other excellent bargains. 


The DENSON ELECTRONIC CORP. 

Mail: P. O. BOX 85 Office: 4 Longview Street, Ellington, Conn. 

VERNON, CONNECTICUT 06066 Telephone 203 - 875-5198 
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VHF AND UHF CONVERTERS 


EVER WISH YOUR RECEIVER 
COULD HEAR THE WEAK ONES? 

Almost every amateur and commercial 
VHF/UHF receiver can be more sensitive 
with these popular preamps. Over 7000 
in use throughout the world! 


FM/CW TRANSMITTER KITS 


Low Noise FET ^ mi 

Front End Ofc* 

All common It's 
Coax \ 

Connectors 

Low Power Drain 
Crystals Avail 

for any Desired Freq Scheme 

MODEL C25 VHF CONVERTER KIT (shown) 

$25.95 

• Models for 2M. 6M. 10M. 220 MHz. air¬ 
craft, com'l, etc. • Stable cascode rf 
stage • 0.3-0.5 uv sensitivity • 10-20 dB 
gain • Compact 2*4 x 4*4" peb • Any 
M 10-50 MHz 

MODEL U20-450 UHF CONVERTER $19.95 

• For 432 MHz ssb or atv, 450 MHz fm. 
aircraft or com'l, etc. • Economy Con¬ 
verter • Use with P15 Preamp for Opti¬ 
mum Performance • Any i-f 10-160 MHz 

XTAL (either of above) $5.50 



P15 KIT $15.95 
P35 W/T $34.95 

• Available for 
any band 
380-520 MHz 

• 20 dB gam 


4 FT 


iamironics,inc. has the antennas you want! 


FAMOUS 


hygain 

• 18HT 6-80 meters. $279.95 

The only vertical antenna on the market 
offering multi-band performance without 
traps. The Hy-Gain 18HT utilizes a unique 
stub decoupling system to maximize effi¬ 
ciency, frequency stability and band Isola¬ 
tion It also offers a 50 ohm input impe¬ 
dance for all bands. 

The 18HT features automatic band 
switching, % wavelength performance on 
40 and 80 meters, 1 Vi wavelength on 10 

and 15 meters. Maximum legal power TH 1 I 4 K 1 i n fmfnt trirandfr 

rating on all bands. It is entirely self- TH3MK3 3 ELEMENT TRIBANDER 

supporting and rogulros no guys. Outstanding performance on lO-lMdu 

• 18AVT/WB 10-80 meters. $97.00 , Up 10 ® d . B J- lin .. Separate Hy.Q traps 

lor each band. Maximum legal power 
The Hy-Gain 18AVT/WB gives you true capability 

wideband performance in limited space It Tm im FI fufnt TBiRAninrB 

is rated in excess of maximum Irgal power imjjk J-titMtNi iNiBANDtK 

10-40 meters and up to 1 KW PEP on . . . , ... DCO .V 

80 meters. Entirely self-supporting, re- As ab ?T e ' bul 750 W PEP rating. UPS 

quires no guys. The 18AVT/WB has auto- shippable. 

matic band switching and utilizes three • TH6DXX 6-ELEMENT TRIBANDER 

air dielectric Hy-Q traps for exceedingly $249.95 

stable performance and true Vi wave Up to 9 5 dB gain on 10-15-20. Full 

resonance on all bands. May be roof legal limit. 

mounted with Hy-Gain 14RMQ kit. . MULTI-BAND TRAP DOUBLETS - 

•, U1 _ 1A .. . __ Traps, wire, and insulators for quick and 

• 14AVQ/WB 10-40 meters. $67.00 fasy installation* 

Same features as 18AVT, but without 2BDQ $49.95 80 & 40 meters 

80 meters. 5BDQ $79 95 80, 40, 20, 15 & 10 meters 

CALL OR WRITE TODAY FOR COMPLETE CATALOG OR ASSISTANCE IN SELECTING THE 
RIGHT ONE FOR YOU! MANY OTHER HY-GAIN. CUSHCRAFT, AND LARSEN ANTENNAS 
ALSO IN STOCK 


ANTENNAS STOCKED IN DEPTH 




toss 


200 MW EXCITER MODULE KITS 

T40-11 Eleven Channel Exciter for 2M. 

6M. or 220 MHz $39.95 

T40-1 As Above but only One Channel 

$34.95 

T20 Trlpler/Driver Module Kit, 150 mW 
2M input. 200 mW 450 MHz output $19.95 


MODEL 

RANGE 

P9-30 

26-88 MHz 

P9-150 

88-172 MHz 

P9-220 

172-230 MHz 

P14 

Give exact freq. 


fMMMMfrrrrrrrr 

RF POWER AMPLIFIER MODULES 

• NO TUNING • VSWR PROTECTED • 150 
MW DRIVE 

T80-150, 140 175 MHz. 20-25W output. 
Wired and Tested, simply connect your 
cables $79.95 

T80 450, 430-470 MHz. 13-15W. W/T $79.95 


VHF/UHF FM RCVR KITS 


%W: 


VHF MODELS FOR ANY BAND 28-240 MHz 

R60-( ). 0.5-luV sens, incl VHF Converter 
and IF/Audio Boards $64.95 

R69 ( ). 0.2-0.4uV sens, incl P9 Preamp. 

VHF Conv. and IF/Audio Boards $69.95 
CRYSTALS (We stock common freq. and 
will gladly order others) $5.50 



UHF MODELS FOR ANY BAND 380-520 MHz 

R60-450. 5-10uV economy revr. incl UHF 
Conv & IF/Audio Boards only $59.95 
R80-450, 2-5uV sens monitor revr, incl 
UHF Conv. VHF Conv. and IF/Audio 
Boards $84.95 

R95-450. 0.4-luV sens revr. incl P15 Pre 
amp. UHF Conv. VHF Conv. and IF/ 
Audio Boards $94.95 


SUPERIOR 
QUALITY - 
ONLY 
$189.95 


IF YOU'VE HEARD THE NEW HY- 
GAIN 2 METER HT, YOU ALREADY 
KNOW IT'S FANTASTIC. NOW CON¬ 
TACT US FOR OUR GREAT INTRO¬ 
DUCTORY OFFER. 



182H BELMONT RD„ ROCHESTER. NY 14612 


• CALL OR WRITE NOW FOR FREE CATALOG OR 
TO PLACE YOUR ORDER! 

• PHONE 716-663-9254, 9AM-9PM EST DAILY. 

• Use your credit card or C O D. 

• Specify operating freq • Add $1 shipping and handling. 








repair 

bench 
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Joe Carr, K4IPV 


simple antenna 
instrumentation 


Regardless of the type of antenna you erect, it will 
rarely be absolutely correct despite the fact that instruc¬ 
tions were followed carefully and textbook formulas 
were used. This is because such formulas are either based 
on an ideal situation or use certain assumptions that may 
or may not be valid in your particular case. 

Fine tuning an antenna system is all but impossible 
without some sort of instrumentation to tell you what's 


DC AMMETER 



OUTPUT 


fig. 1. Internal circuit of an rf ammeter uses a thermocouple to 
sense heating in a resistance element. 


going on. In fact, it's wise to have the instruments on 
hand that are described here, because they will tell you 
different things and will find their best use in different 
situations. 

rf ammeters 

Radio-frequency currents can't be measured easily by 
regular ac ammeters but require a special type of instru¬ 
ment based on the thermocouple. The internal schematic 
of an rf ammeter is shown in fig. 1. The rf current, /, 
flows through a resistive element. Power lost in this 
resistance is converted to heat, which is applied to a 
thermocouple. The thermocouple consists of two strips 


By Joseph J. Carr, K4IPV, 5440 South 8th 
Road, Arlington, Virginia 22204 


of dissimilar metals joined to form a V. When this 
junction is heated, dc will flow through the meter. This 
direct current will be proportional to the rms value of 
the rf current. Rf ammeters are generally free of 
frequency effects up to 50 or 60 MHz. Some instru¬ 
ments, especially older types, must be used with care 
since they may be sensitive to the type of panel on 
which they're mounted. Some, for example, are marked 
"calibrated on a 1/8-inch (3mm) steel panel" and are 
only accurate when used with such a panel. The rf 
ammeter can be used to indicate current levels in a 
transmission line or as a means of calibrating a more 
convenient form of rf wattmeter. The power-indicating 
instrument is connected in series with the rf ammeter 
and is inserted between the transmitter, and a non- 
inductive dummy load. Various power levels are applied 



NOTE - CRI,CR2,CR3 IN60 OR SIMILAR 

o 



o 


fig. 2. Rf voltmeter adapter for a vtvm. Sketch (A) shows a typical 
probe; (B) shows a voltage divider for indicating rms values. 
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and the wattmeter is calibrated from the ammeter 
indications and the P = I 2 R relationship. 

rf voltmeters 

Rf voltmeters can be made using a dc voltmeter and a 
special probe or adapter. Such probes are called 
"demodulator" probes. This probe is shown in fig. 2A. 
Diodes CR1-CR3 are standard germanium signal-detector 
devices such as the popular 1N60. Use one diode for 
every 15 or so volts of peak rf voltage amplitude. Capaci¬ 
tors C2 and C3 are filters. This type of probe is a 



fig. 3. Circuit for a dip meter uses a jfet as the active element. This 
circuit is known as a gate dipper. 


peak-reading type,.but most of our interest will be in the 
rms values. These values are related by: 



C = ^oeak 

rms i $14 

( 1 ) 

Since a resistor is needed in the probe, and the voltmeter 
has an input impedance, we can construct a divider so 
that the voltmeter will read the rms value of rf sine 
waves. The voltage divider in fig. 2B follows the rule 

Where 

D 

E j. = E tn 

meter tn „ , D 

R in + Rp 

(2) 

R in 

is the meter input resistance. 


R P 

is the probe resistance. 


E- 

* in 

is the input rf-signal peak voltage. 



By combining the two equations we see that 

R ‘ n + R P- =1.414 (3) 

R<yi 


But R in is usually equal to 10 megohms in most elec¬ 
tronic voltmeters, so 

10 meg + R p =1A14 ( 4 ) 

10 meg 

Rp = (1.414)(10 meg) or 14.14 megohms 

Use precision 1% (or better) noninductive resistors. The 
resistors in fig. 2A are shown as two separate compo¬ 
nents because they were available. 

dip meters 

Originally known as grid-dip meters, these instru¬ 


ments are used to find resonant frequencies of tank 
circuits, or as a signal source, or to find (approximately) 
the values of capacitors and inductors. Fig. 3 shows a 
typical dip-meter circuit; this one is a gate dipper using a 
junction fet. Inductor LI is mounted outside the instru¬ 



ment case. Energy from this coil is coupled to the coil in 
the resonant tank circuit being tested. When the LI-Cl 
tank of the dipper is tuned to the resonant frequency of 
the tank being tested, the amount of energy transferred 
will increase sharply which produces a slight dip in gate 
current. This property can be used to indicate the 
resonant frequency of the tank under test, which is read 
from the calibrated dial ganged to Cl. 

Dip meters usually are not too accurate as indicators 
of frequency, so a calibrated receiver should be used to 
sense the signal and read its frequency. 

An antenna is basically a tuned resonant circuit, so it 
can be tested using the dip meter. Fig. 4 shows a method 
by which the dipper is coupled to an antenna. The point 
at which the dip is noted is the antenna resonant 
frequency. A mistake often made when using dippers is 
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tuning too fast. The dip is slight, so one must tune very 
slowly. 

Wheatstone bridge 

Basic to many forms of instrument is the Wheatstone 
bridge of fig. 5. This circuit compares the outputs of two 
voltage dividers Z1/Z3 and Z2/Z4. Under these circum- 



fig. 5. Wheatstone bridge, which Is the basis of many test 
instruments. 


stances, where Z1/Z3 = Z2/Z4, the voltage between 
points A and B is zero. Under these conditions, 

Z4 =—~- 2 - (5) 

Z1 

In most cases impedance Z3 will be a calibrated standard 
resistance and Z4 will be the unknown. The values of Z1 
and Z2 are not too critical, but they should not be too 
different from the other resistances in the circuit. This 
keeps the necessary amplitude of the signal source 
within reasonable bounds. In many cases Zi = Z2 so that 
Z3 = Z4 at null. This makes calibration of Z3 easier. The 
meter at the center of the bridge may be either a 
voltmeter or a current meter. In fact, it is the current 
meter that's most frequently used as the null indicator. 

the noise bridge 

An adaptation of the Wheatstone bridge is shown in 
fig. 6A. This is the noise bridge and uses a diode noise 
generator and amplifier to drive two arms of the bridge. 
Transformer T1 is a toroid with trifilar winding. One coil 
is connected across the output of the noise generator 
amplifier, while the remaining two coils form arms of 
the bridge circuit. In another arm of the bridge is a 
calibrated 0-250 ohm potentiometer, R1. The last bridge 
arm is the antenna or other unknown. 

The null detector in this version of the bridge circuit 
is a receiver. Although the coax cable to the receiver 
may be any convenient length, the cable to the antenna 
must be either extremely short relative to a half wave¬ 
length or it must be an integer multiple of half wave¬ 
length (1, 2, 3, . . .). This length is found from 

492 

L = ~r - • (V- N) (6) 

J M Hz 

where V is the cable velocity factor (0.8 for foam 
dielectric and 0.66 for regular coax) N is any integer. 

This length is necessary because the impedance at the 


antenna feedpoint is reflected at half-wavelength inter¬ 
vals along the line. The noise bridge is connected to both 
the receiver and the antenna. The receiver is tuned to the 
desired frequency. Resistor R1 is then varied slowly 
until a null in noise level from the receiver is noted. 

Fig. 6B shows an alternative form of noise bridge in 
which a 140-pF variable capacitor is connected in series 
with a 250-ohm potentiometer. A compensating 70-pF 
fixed capacitor is connected in series with the antenna. 
The variable capacitor is fitted with a calibrated dial that 
has a zero marked at the point where Cl = 70 pF (in 
other words, Cl = C2). Arbitrary calibration marks are 
scaled ± from this center zero. A null occurring when Cl 
is set to its zero point (70 pF) means that the antenna is 
resistive, which implies that the receiver is tuned to the 
antennas resonant frequency. If the null occurs either 
side of the zero point, then the antenna is reactive at the 
frequency indicated on the receiver. 

The scale is marked X c on one side of the zero point 
and X L on the other side. If a null occurs on the X c 
side, then the receiver is tuned on the high side of 
resonance. Alternatively, if the null occurs on the X L 
side, then the receiver is tuned to a frequency that is too 
low. The antenna is resonant at the frequency indicated 


*. 



fig. 7. Tha antenna impedance bridge, another adaptation of the 
Wheatstone circuit. 


on the receiver dial when a null occurs at a point where 
the capacitor dial reads zero (Cl = 70 pF). Amateur 
noise bridges are made by Omega-T Systems and by 
Palomar Engineers. 

antenna impedance meters 

Another adaptation of the Wheatstone bridge is the 
antenna impedance bridge of fig. 7. Bridge arms consist 



o o 


fig. 6. Applications of the Wheatstone bridge for entenna measure¬ 
ments. The circuit in (A) is the classic noise bridge; (B) is a version 
in which a capacitor is used to null reactance. 
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of CIA, R s , C1B, and R x . Capacitor CIA and C1B are 
respective halves of a differential capacitor. In this type 
of variable, capacitor CIA increases as Cl B decreases. R s 
is a standard resistance, 50 or 75 ohms in most cases. R x 
is the resistive component of the antenna impedance. 

This circuit will not measure reactance but it does 
allow you to tell whether there is a reactive component 


TRANSMITTER 



ANTENNA 


fig. 9. The Monimatch swr meter, popularized by ARRL publica¬ 
tions. Heart of the circuit is the pickup sensor, which consists of 
two conductors, one for forward and backward swr indication 
(see text). 


present. In a purely resistive situation the meter will null 
all the way to zero when the dial on Cl is set so that the 
bridge is balanced. If the meter does not null all the way 
to zero, then there is some reactance present. You can 
tell whether it is capacitive or inductive by varying the 
signal-source frequency until a frequency is found where 
the meter does null to zero. Antennas are capacitive 
below their resonant frequency and inductive above 
their resonant frequency. This information, then, tells 
you whether to lengthen or shorten the radiator to 
achieve resonance at the desired frequency. 

Signal sources for the antenna impedance meter 
include ordinary signal generators, dip meters, or 
individual crystal oscillators. If you're very careful and 
use loose coupling, it's also possible to use a low-power 
transmitter as the signal source. I've used both a dip 
meter and those low-cost International Crystal OX oscil¬ 
lator kits in this application. I've also used the Leader 
LIM-870A antenna impedance meter (1.8 - 150 MHz). 
It is designed to mate with their dip meter, back-to-back, 
so that a complete signal source-bridge assembly may be 
formed. 


to measure the voltage components of the forward and 
reflected power at some point in the transmission line. 
This relationship is given by: 


where: 


swr = 


V f+ V r 


(7) 


Vj is the forward voltage 

V r is the reflected voltage 

Voltage varies along the line, and it's possible to reduce 
the apparent swr by trimming the coaxial cable. How¬ 
ever, this results in an erroneous reading that may give 
you a false sense of security. 

Fig. 8 shows a resistive swr bridge. It is a Wheatstone 
bridge in which R1, R2, R3 and the antenna impedance 
form the respective arms. Diodes CR1 and CR2 should 
be a matched pair but should be satisfactory if you 
match their forward and reverse resistances with an 
ohmmeter. Resistor R5 is used to trim out differences in 
R6 and R7. Normally, the microammeter is set to full 
scale with SI in the forward position. Resistor R4 is 
adjusted to make Ml indicate full scale (100 pA). The 
switch is then turned to the reflected position and the 
meter needle drops to a current proportional to the swr. 
In most swr meters the dial will be calibrated in swr 
units. 

Another type of swr indicator popularized in certain 
ARRL publications, is the Monimatch of fig. 9. The 
heart of this instrument is the pickup sensor. It consists 
of two conductors, one for each direction, arranged in 
parallel and in close proximity to the coaxial cable 
center conductor. In some versions enameled wires are 
slipped underneath the shield conductor of a short 



fig. 8. Resistive vswr bridge. R1 is 51 or 75 ohms, depending on 
coax-cable impedance. 


length of coaxial cable. In others, the conductors are 
etched onto a piece of printed-circuit board inside a 
shield box. This class of instrument is different from 
other swr meters in that it becomes more sensitive as 
frequency increases.* 


swr bridges 

There are several ways to measure antenna swr. One is 

*For still another swr instrument, see "Using the swr Indicator," 
repair bench, ham radio, January, 1977, page 66. Editor 


rf wattmeters 

Figs. 10 and 11 show two popular forms of rf power 
meter. Of course, you can compute the swr of an anten¬ 
na system by comparing forward and reflected power 
levels. The circuit of fig. 10A is known as the Micro- 
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fig 10 The Monimatch circuit for an rf wattmeter. (A) Various 
power ranges can be selected by the circuit in (B) 


match, which was available commercially for years. It is 
also based on the ubiquitous Wheatstone bridge. 

The bridge arms consist of Cl, C2, R1 and the 
impedance of the antenna. R1 is only 1 ohm. so very 
little power is lost due to insertion of the instrument 
into the line. Various versions of the Micromatch have 
one. two, or three power ranges (10, 100, or 1000 watts 
full scale). These are selected as in fig. 10B. 



fig. 11 Relfectometer principle for an rf wattmeter Pickup sensor 
makes this instrument unique. 

A more recent circuit based on the reflectometer 
principle is shown in fig. 11. Although much of this 
circuit is similar to other circuits, we again have a situa¬ 
tion in which uniqueness is in the design of the pickup 
sensor. In this case it consists of a coil of wire wrapped 
around the coaxial cable center conductor. In most such 
instruments the conductor is actually a heavy piece of 
solid bus wire and the pickup coil is wound on a toroid 
form. The wire conductor is threaded through the center 
of the toroid. This, in fact, is the basis of most low cost 
rf wattmeters on the market today. 

Although it's a little excessive to expect any one 
amateur to own all of these different types of antenna 
instrumentation, it must be noted that every one of 
them is unique in its own way and all are eminently 
useful for doping out or troubleshooting reluctant 
antenna systems. 

ham radio 



Amateur Radio's 
New Fun Magazine 


A Brand New Concept 
written and edited 
with you in mind. 

Ham Radio HORIZONS is a completely differ¬ 
ent idea, dedicated to the Beginner and No¬ 
vice yet put together in a way that everyone 
will enjoy. In fact this is the first Amateur 
Magazine that will even appeal to the non- 
Amateur members of the family. 

Each month Ham Radio HORIZONS will be 
stressing the FUN side of our hobby — work¬ 
ing DX, winning contests, improving your 
station, earning awards and upgrading your 
license. We’ll be showing you how to get 
started in Amateur Radio, the most fasci¬ 
nating of all hobbies. You name it, Ham 
Radio HORIZONS will cover it and we’ll do 
it in an easy to understand easy to enjoy 
manner. 

Ham Radio HORIZONS is put together by the 
most experienced and capable team of Am¬ 
ateurs in the field, experts who know how to 
relate their experiences in an irresistible and 
exciting way — and just for you. You'll like 
Ham Radio HORIZONS. 

Amateur Radio is really on the move in 1977 
and Ham Radio HORIZONS is committed to 
taking a leadership position in the rapidly 
expanding, forward looking radio service that 
we are all so lucky to share. A lot’s going to 
happen and Ham Radio HORIZONS will be 
right there in the middle of it all! 

We're promising you the most exciting year 
of Amateur Radio reading you ever had. Try 
a subscription and if you don’t completely 
agree we’ll gladly refund the unused portion 
of your subscription at any time. 

|f4M R4DIO 

HORIZONS Greenville. NH 03048 

Please sign me up for a one year (12 issue) subscription to Ham 
Radio HORIZONS. 

Name:_ 

i 

Address:_ 

1 City:- 

i 

' State:_Zip:__ 

□ Enclosed is check or money order for $10.00 

□ Please charge my BankAmericard. 

□ Please charge my Mastercharge Account. 

Card No._ Expiration date_ 

Bank No. (M/C only) _ 

Use your card or pay now and get an extra issue free. 

| □ Bill me later. 
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CHOOSE 

TOP NOTCH RIG PERFORMANCE 
FROM THIS SHOWCASE 
OF SWAN METERS. 





r- S 

l— M. 


Swan precision meters are designed 
and built to help you make sure you re 
putting out all the watts your rig 
can deliver. 

And Swan meters are priced 
so low they'll probably pay for 
themselves in improved rig per¬ 
formance and signal power. 


man 

needs accurate output measurements, too Now our WM6200 gives them 
to him with ± 7% accuracy output power at 50 to 150 MHz two scales to 
200 watts Reads SWR on expanded range scale. 

WM6200 In-Line wattmeter $59.95 


SWR bridge bridges the price barrier. 

This little jewel gives you relative forward 
power and SWR on two 100 microampere meters 
at a remarkably low price. Rear mounted coax 
connectors for easy, neat installation. Capable of 
handling 1000-watt signals on frequencies from 
3.5 to 150 MHz With low insertion loss, it s great 
for mobile operations, too SWR-1A Relative 
Power Meter and SWR Bridge $25.95 


Measure power coming 
and going. Measure SWR 
and get maximum power 
to your antenna. Then get 
your antenna pattern right 
by measuring relative 
radiated power A one-two 
power punch at a knockout 
price FS-2 SWR and Field 
Strength Meter $15.95 


Easy-on-the-pocket pocket SWR. 
Mighty mite SWR meter with high 
accuracy, SWR-3 Indicates 11 to 
31 SWR at 50 ohms on frequencies 
from 1.7 to 55 MHz Precision PC 
board directional coupler makes it 
a solid value at a rock-bottom price. 
SWR-3 Pocket SWR Meter $12.95 




























All-the-law-allows in-line wattmeter. This wattmeter tells the truth about SSB. True peak envelope 

With three scales to 2000 watts, new flat- power of your voice modulated signal is what you want to know 

frequency-response directional coupler for most about your SSB transmission, and thats where our 



Put your frequency up in lights. Perfect tuning and matching don t mean a thing if youre not on frequency 
This counter tells the story on big, bright 5-digit LED display Reads to ± 100 Hz or ± 1 khz between 5 KHz and 
40 MHz Signal levels to 50 millivolts so you can use as a test meter, too FC-76 Frequency Counter $169.95 


Double-duty in-line wattmeter. 

Use this meter for output power 
measurement and troubleshooting, 
too Better than 10% full scale 
accuracy from 2 to 30 MHz, and 
you can go to 50 MHz with only 
slightly reduced accuracy. Four 
scales to 1500 watts and selector 
for forward or reflected power 
WM1500 In-Line Wattmeter $74.95 


WM3000 shines. Flat response forward or reflected power from 
3.5 to 30 MHz on scales to 2000 watts in RMS or PEAK at the flip 
of a switch WM3000 Peak/RMS Wattmeter $79.95 


Sniffs out radiated power wherever 

it is. This little unit is so compact it 
could measure relative radiated 
power in your pocket. Telescoping 
antenna and a frequency range of 
1.5 MHz all the way to 200 MHz. 

FS-l Field strength Meter $10.95 


maximum accuracy and a price 
anybody can afford, this meter has 
become an amateur radio standard. 
3.5 to 30 MHz with expanded range 
swr scale. 

WM2000 In-Line wattmeter $59.95 


products fpj ARTCO ELECTRONICS 

available at\ /L / 302 Wyoming Ave.. Kingston, PA 18704 <7l7>288-8585/Shavertown Shopping Center, 
'- ' Shavertown, PA 18708 (717) 67S-26S4 





























HERE'S A HOT HUMBER 

800 - 325-3636 

(Toll Free) 

CALL 

HAM RADIO CENTER 

ST. LOUIS 

FOR NEW AND USED AMATEUR RADIO EQUIPMENT 
MASTER-CHARGE BANKAMERICARD 

TRADE ON NEW OR USED 

Hours 9 A.M. - 5 P.M. (Central) Closed Sun. & Mon. 



NOW 5 MODELS 


NEW 

MODEL HK-5 
ELECTRONIC KEYER 

$ 69.95 


lambic circuit for squeeze keying 
Self completing dots & dashes 
Dot memory. 

Battery operated with provision for 
external power. 

Built-in side-tone monitor. 

Speed. Volume, tone & weight controls. 
Grid-block or direct keying. 

Use with external paddle such as HK-1 


MODEL HK-3 

$ 16.95 


MODEL HK-1 

$ 29.95 


Deluxe straight key. 

Heavy base, no need to attach to desk 
Velvet smooth action. 


Dual lever squeeze paddle 

Use with HK-5 or any electronic keyer. 

Heavy base with non-slip rubber feet. 

Paddles reversible for wide or close finger spacing. 


MODEL HK-4 

$ 44.95 


MODEL HK-2 

$ 19.95 


Same as HK-1. less base for those • Combination HK-1 & HK-3 on 

who wish to incorporate In their own Keyer. same base. 

Available from your local dealer or order direct. 

HAM RADIO CENTER, INC. 

8340-42 OLIVE BLVD. • P. 0. BOX 28271 • ST. LOUIS, MO. 63132 
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sync generator 


for a black-and-white 

525-line 
television system 

The National MM5320 1C 

is featured 
in this 

inexpensive circuit 

This article describes a sync generator that sup¬ 
plies horizontal and vertical drive, blanking, and sync 
signals for a standard black and white interlaced 525- 
line TV system. It is simple and easy to build on the 
PC boards available,* or it can be reduced in size and 
mounted inside your TV camera. Almost all functions 
are performed within a single 1C, the National 
MM5320 (about $5). 

The PC board, loaded with parts, weighs in at only 
4 ounces (113g). However, this lightweight board 
contains the equivalent of a 40 tube sync generator 
of the past and requires no maintenance to keep it 
running. Power consumption is only a few watts. 

circuit description 

The schematic is shown in fig. 1. The master 


*An undrilled epoxy board is available from Bert Kelley, 2307 
South Clark Avenue, Tampa, Florida 33609, for $6.00 postpaid 
inU.S.A. 


oscillator consists of a 2.04545-MHz crystal, Y1, and 
a Motorola MC4024P multivibrator 1C, 1)1. Actually, 
two multivibrators are contained in U1, so the spare 
is available at pin 12 on the PC board, fig. 2. 

The circuit works well and delivers a symmetrical 
square wave at TTL level with almost any crystal. A 
disadvantage is that no provision is included for pull¬ 
ing the crystal to exact frequency. It's not necessary 
to do this with this sync generator — just plug in any 
HC6U crystal with the correct frequency. 

The MM5320 has more features than needed for 
this application, such as gen-locking capability with 
circuits to reset both horizontal and vertical counters 
and a field-index output identifying the odd field at a 
30-Hz rate. The MC5320 can be programmed to 
operate with either a 1.26-or 2.04545-MHz crystal. 
Therefore, certain pins are jumpered for this applica¬ 
tion, as shown in the PC-board layout, fig. 2. 

The MM5320 also has burst-flag pulses, so it has 
color capability if a few circuits are added. Basically, 
a color generator would have a stable crystal-con¬ 
trolled master oscillator operating at 14.31818 MHz. 
This frequency is divided twice to derive the 3.58- 
MHz color subcarrier, which is processed to obtain a 
2 volt p-p sine wave with adjustable phase shift. 

The master oscillator also could drive a 7:1 counter 
to obtain 2.045 MHz, which is needed to drive the 
MM5320. The specification sheet for the MM5320 
shows a minimum pulse width requirement of 190 
nanoseconds. The 7:1 divider output is a 70- 
nanosecond pulse, so some means, such as a one- 
shot, could be used to square up the wave before it is 
applied to the MM5320. The master oscillator should 
remain within 4.0 Hz of 14.31818 MHz, so it can be 
seen that a few small problems need to be worked 
out. For black-and-white TV, we can ignore these 
difficulties and use the 2.04545-MHz crystal. 

The circuit is simple. Buffering should be used be¬ 
tween the mos-generator chip and output loads to 

By Bert Kelley, K4EEU, 2307 South Clark 
Avenue, Tampa, Florida 33609 
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fig. 2. PC-board layout for the TV sync generator. Boards are available for $6.00 postpaid in U.S.A. from the author. 
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fig. 1. Sync-generator schematic. Circuit provides standard 4 volts p-p to a 75-ohm source impedance. 
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keep transients from damaging the chip. The circuit 
shown provides a 4-volt p-p to a 75-ohm load at 75- 
ohm source impedance. The voltage at the transistor 
collectors is limited by 8.2V zener diodes; when the 
transistor saturation voltage is deducted, the p-p 
voltage swing is almost exactly 8 volts to give 4 volts 
under load (negative-going pulses). 

construction 

The circuit board, which is 3 by 6 inches (77 by 
153mm), fits an Amphenol 142-012-01 12-pin con- 



Underchassis view of the TV sync generator showing power supply, 
right; PC board, center; and peripheral wiring. An LMB chassis Is 
used, which also provides a heat sink for the regulator circuit. 


nector. (Alternatively, connections can be soldered 
to the output pins.) 1C sockets should be used, at 
least for the mos chip. Use 150-ohm 1-watt resistors 
where indicated. The 470-jtF filter capacitors are of 
the radial-lead type. I used SO-239 output connec¬ 
tors; however, ordinary phono connectors would be 
all right (and much cheaper). 

The circuit board should be mounted in a shielded 
enclosure such as the LMB 772, which also serves as 
a heat sink for the LM309K regulator. 

The MM5320 is available from Nexus, and other 
parts are available from James Electronics.* 
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•Nexus Company, P.0. Box 3357, San Leandro, California 94578 
and James Electronics, 1021 Howard Avenue, San Carlos, Cali¬ 
fornia 94070. 


NOW! 

OUR NEW UNIVERSAL 

PORTA-PAK 

MAKES ALMOST ANY FM 
OR AM RADIO PORTABLE 



This little guy thmla that the «e« Umvrul Porte Pik a »e#lly the way to |0 tor a portibte power »uice Ot 
cowrie he cen t eipreu himselt in words so you will fust hm to tike my word ter it Det*d is enothef ol oui more 
recent and treat new products He is pro6*b»» one ol our better efforts Dmd rs just 13 weeks old and pre occupied 
w>th the more important thmfs like citing and Peeping so my interpretation of hn thoufhts may not be 
altofether correct 

I he Universal Porta Pak is designed to lit anythmi from a $ watt CB to a ?$ watt commercial 2 way <»d«o The 
Universal Porta Pak comes m two versions one is a 4 b AMP HR unit that will iechar|e >n 13 to 16 hours and the 
othei is a 9 AMP HR unit that rechai|es in 28 to 30 hours 

The Universal Porta Pak comes complete with a htl* arc welded aluminum case a fel cell battery and a plug 
in chaiger The Porta Pak case is finished m a black wnnkle and baked to insure durability Our new Universal 
Porta Pak can be attached m several ways depending upon the type ol service to which it will be pul For inter mittint 
or temporary portable service elastic bands are provided For more permanent duty as a portable pop rivets or a 
slide mount may be used 

Our very popular custom models are still available for those ot you who have the following radios Regency BIH 
BTL HR? HR6 Microcom Aquaphone MT?5 or Mt|$ Genave Business Amateur and Manne iCOM ?30 22 22 S 
30A Midland 13 500 and 13 509 Heathkit MW?0? and tfW?036 and Standard SRC806 SRC8?6MA 

Porta Pak started out as a very versatile accessory for the amateui but. now the word rs out and as a result 85$ 
of our sales are now to the business iad>o services Among enthusiastic users ol the Porta Pak are the CAP 
ambulance services lire departments Red Cross disaster teams towing sconces and private surwilance organizations 
The Porta Pak and VHf Manne radio have provided small craft with liable communications where ■( was im 
piacticei a short time ago 

Be sure to state the make and model of your transceiver when ordering and a custom model will be provided 
it one is made to> it The regular mobile mount holes ore used to attach the custom models No modification of your 
radio is necessary 

4 5 AMP HR Oefuie Porta Pak. Universal or Custom Case $6? 50 plus 81 75 shipping 

9 AMP HR Super Porta Pak Universal or Custom Case J&8 00 plus 8? 75 shipping 
All Porta Pak units include Gel Cell Battery Charger and Case 
Rubber Duclue Type Antennas 87 00 LED Battery Condition Indicators 85 00 

PORTA-PAK, INC. P.O. BOX 67 
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AGAIN 

RF Power Meter . identical to HP Model 430C - 
Read article April '77 HR Mag., Pg. 44 for use. Copies 
of article available on written request. Our special 
purchase is your gain at $34.95 ea. Note: This is 
Gen'l Microwave, 451. Bolometer/thermistor mount 
available with purchase. S15 to $35 depending on type 
AUDIO COMPRESSOR AN/GSA-33 — Five iden- 
tical plug-in compressor amps with poywer supply in 19 
inch rack all solid state, 6001.* in 4 out, great for 
auto patch and phone patch. Weighs less than 30 lbs. 
Built like a battleship. $34.95 

HYBRIDS — Two wire to four wire Telco with network build 
out capacitors, super for auto patch. $5.95 

RECEIVERS 

ARR-41/R-648 Collins Airborne version of R-390. Mechanical 
filters, Digital Tuning. 28 VDC. Easily converted to 115VAC, 
190-500 kHz. 2-25 MHz. $185.00 checked 

R-1151/GLQ RECEIVER — 540 kHz to 54 MHz — Front end is 
tube, rest is solid state. Originally countermeasures rcvr, could 
be used for ISB Info on request. $185.00 

GPR-90RX — 0.54 to 31.5 MHz. 110V, 60 Hz, info on request. 

$375.00 

R-3B8/51J — Collins 0.54 to 31 MHz $375.00 

R-390A — 0.54 to 31 MHz. overhauled complete $595.00 
HRO-60 with numerous coil sets $100.00 

Hems Clarke Model 1302 A. 55 to 260 MHz. variable IF band¬ 
width. AM & FM. noise figure 6 dB man. $275.00 

Stoddari UHF tunable preamps. 375 MHz to 1 KMHz • It’s 
really a converter, IF output 21.4 MHz. $175.00 

SPECTRUM ANALYZERS 

SPA-4A Singer 10 MHz to 44 GHz. $475.00 

SA84T Polarad 10 MHz to 40 GHz. $525.00 

SA84-WA Polarad 10 MHz to 63 GHz. $475.00 

BIRO 1 KW Dummy Load, 250w continuous. 1 KW intermittent 
— Small — contained inside test set (incl. meters, switches, 
etc ) Complete for $29.95 

TRANSCEIVER — RF Commun. Inc Model RF301. 2 to 15 
MHz. 1 kHz steps, synthesized, with antenna coupler $975.00 
Write for complete brochure 

Computer Freakies Take Note! Astrodata Universal Time Code 
Translator Model 6220 plus Astrodata tape search and control 
model 6225 and a relay program control Model 6530. 

All for $225.00 

Little Goodie! Radar xponder loaded with microwave thrills 
incl. Melabs mixer, SRC detector, Bendix circulator. TRAK 
LO - 2-3 GHz. $19.95 

DISC CAP, 19075 BRAEMORE RD. 

NORTHRIDGE, CA. 91326 213-360-3387 
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DIGITAL CLOCK 
with 

10 MINUTE 

_ TIMER 

6 digits — 12/24 hour 

Here's the kit everyone has been asking fort 
Never fail to identify your station again. And 
it’s easy to use, just tap timer button to start, 9 minutes later the display mill flash on and 
off to alert you. Reset it by simply touching the timer button or it mill reset itself 
automatically after tmo minutes! Other features are: |umbo .4" LED readouts, durable 
extended aluminum case available in 5 colors, plug transformer, Polaroid lens filter, time set 
buttons, finest quality PC boards and super instructions. You get all parts - no extras are 
needed, unlike some of the kludges our competitors offer! Colors available: gold, black, 
silver, bronze, blue I specify I. Size: 4.25" x 1.5" x 1.5". 

Clock Kit mith 10 min. timer, DC-10.$25.95 

Regular 12/24 hr clock kit.22.95 

Alarm clock, 12 hr only, DC-8.24.95 

Kits are also available fully assembled and tested, just add $10 to kit price. 


CAR CLOCK 

6 DIGIT 


12/24 HR 
$25.95 


• High accuracy (1 minute/month) 

• Big .4" LED display 

• Special circuit suppress all voltage 
spikes and transients 

• Same case as illustrated above 

• Display blanks mith ignition off 

• Reverse polarity protected 

Complete Kit, DC-7.$25.95 

Assembled and calibrated . . . 35.95 


CALENDAR ALARM CLOCK 

6 Digit LED 12/24 Hour 


Has every feature one could ever ask for. Kit 
includes everything except case, build it into mall, 
station or even carl FEATURES: 

• 6 Digits, .5” High LED • 12/24 Hour Format 

• Calendar shows mo./day • Snooze button 

• True 24 Hour Alarm • 7001 chip does all 1 1 

• Battery back up with built in on chip time base 

Complete Kit, less case. DC-9.$34.95 


600 MHz 
PRESCALER 

Assembled and tested. Extend the range of 
your counter to 600 MHz. Works with all 
counters. Available in kit form for $44.95. 
Specify ‘H 0 or 'HOO with order. 


30 WATT 


2 Meter 
Power Amp 


The famous RE class C power amp now 
available mail order 1 Four Watts in for 30 
Watts out, 2 in for 15 out, 1 in for 8 out. 
Incredible value, complete with all parts, 
instructions and details on T R relay. Fully 
stable, output short proof, infinite VSWR 
protected* Case not included. 

Complete Kit $22.95 


COMING SOON: VIDEO TERMINAL KIT 


SEND FOR DETAILS 
$149.95 


TTL 


LINEAR 


REGULATOR 

TRANSISTORS 


74SOO 

35 

555 

50 

309X 99 

NPN 2N3904 type 

10/$1 00 

74S112 

75 

556 

75 

309H v 99 

PNP 2N3906 type 

10/$1 00 

7447 

79 

567 1 

75 

340K 12 V 1 25 

NPN Power Tab 40W 

3/$1 00 

7473 

35 

1458 

50 

7805 C" 99 

PNP Power Tab 40W 

3/S1-00 

7475 

50 

LED DRIVER 

781? 99 

FET MPF 102 type 

3/$?00 

7490A 

.55 

75491 

50 

7815 •'? 99 

UJT 2N2646 type 

3 $2 00 

74143 

3 50 

75492 

50 

7818 99 

2N3055 NPN Power 

75 

DIODES 

1 KV.2.5A 

5/S1.00 

100V,1A 

10/$1 00 

1N914A type 50/S2 00 


741 OP AMP SPECIAL 

Factory prim* mini dip with both 
Xerox end 741 part number* 

10 for $2.00 



FERRITE BEADS I SOCKET KIT 


with into and %p*cv 
15 $1 00 

6 holr Baiun Bead* 

5/Si 00 


FND 359 4 

FND510 .5- 

OL 707 33" 

HP 7730 .27" 

Red Polaroid F iltvt 4 


CHEAP CLOCK KIT 

DC-4 Feature* 

• 6 digit 4LEO 

• 12 oi 24 format 


8080A $18.95 

Factory Prime 


Assortment of 12 
most used 1C 
sockets Good to 
have around the 
shop $1 95 


ncludes FREE socket* 


60 Hz XTAL TIME BASE 

• Runs on 5 15 VOC 


4 25" X 1 1 25" 59 121 L02-1 $1.95 ^ast 450 ns Low Power • Low current 12.5 mal 

• Operate clocks m 

«;qqr car. boat, plane 

PC Board Dealers • 1 mmute/month accuracy 

Does not $2.95 Write tor our Krt. TB 7 $5 50 

include board Transformer wholesale puce Assembled A Calibrated 

or transformer $149 list. Hi M*D e 


Kit, TB 7 . S5 50 
Assembled A Calibrated 


tamsBfj sIssliEifcs 

P.O. Box 4072 Rochester NY 14610 
(716) 271-6487 


TELEPHONE ORDERS 
WE LCOME 


MINI-KITS 


& 


FM Wireless 
Mike Kit 
$ 2.95 


Satisfaction 
guaranteed or 
money re 
funded 
COO. add 
$1.00. Orders 
under $10.00 
add $.75 NY 
residantt add 
7% tax. 


^ Transmit up to 

300' to any FM 
broadcast radio. 
Sensitive mike input requires crystal 
ceramic or dynamic mike Runs on 3 to 
9 V. 


TONE DECODER KIT 

A complete tone decoder on a single PC 
Board. Features 400-5000 Hz adjustable 
frequency range, voltage regulation, 567 1C. 
Useful for touch-tone decoding, tone burst 
detection, FSK demod. signaling, and many 
other uses. Use 7 for 12 button touchtone 
decoding. Runs on 5 to 12 volts. 

Complete Kit. TD-1.$4.95 


LED BLINKY KIT 

A great attention getter which alter¬ 
nately flashes 2 Jumbo LEDs. Use for 
name badges, buttons, or warning type 
panel lights. Runs on 3 to 9 volts. 

Complete Kit $2.95 


SUPER-SNOOP AMPLIFIER 

A super-sensitive amplifier which will pick 
up a pm drop at 15 feet! Great for 
monitoring baby’s room or as a general 
purpose test amplifier. Full 2 watts of 
output, runs on 6 to 12 volts, uses any type 
of mike Requires 8-45 ohm speaker. 
Complete Kit, BN 9.$4.95 


MUSIC LIGHTS KIT 

See music come alive! 3 different lights 
flicker with music or voice. One light for 
lows, one for ihe mid-range and one for the 
highs. Each channel individually adjustable, 
and drives up to 300 watts. Great for 
parties, band music, nite clubs and more. 
Complete Kit, ML-1.$7.95 


SIREN KIT 

Produces upward and downward wail char¬ 
acteristic of police siren. 5 Watts audio 
output, runs on 3-9 volts, uses 8-45 ohm 
speaker. 

Complete Kit, SM-3.$2.95 


CODE OSCILLATOR KIT 

Powerful 1 watt audio oscillator of approx. 
1 kHz. good for many uses. Great for 
warning alarm, battery checker, voltage indi 
cator and code oscillator. 

Complete Kit, CPO-1.$2.50 


POWER SUPPLY KIT 

Complete triple regulated power supply 
provides variable t15 volts at 200 mA and 
♦5 volts at 1 Amp. 50 mV load regulation 
good filtering and small size. Kit less trans¬ 
formers. Requires 6-8 V at 1 Amp and 18 to 
30 VCT. 

Complete Kit. PS-3LT.$6.95 


DECADE COUNTER 

PARTS KIT 

INCLUDES • 7490A decade counter 

• 7475 latch 

$3 50 *7447 LED driver 

• LED readout 

• Current limit resistors 

Complete with instruction and details on 
how to build an easy, low cost freq. 
counter. R8 


More Details? CHECK-OFF Page 126 






































microcomputer interfacing: 
logical instructions 


Most microcomputers manipulate information 
eight bits at a time. For example, the 8080A chip can 
move eight bits from internal register to internal 
register, between the accumulator and an external 
I/O device, and from internal register to memory. In 
additon, it can also perform arithmetic and logical 
operations, including add, subtract, and compare, 
and logical instructions AND, OR, Exclusive-OR, and 
complement. In this column, we will be concerned 
with the logical operations. 

A truth table is the basic form that governs the 
one-bit logic operations. As a tabulation, it shows 
the relationship between all possible combinations of 
input logic levels and the subsequent outputs in a 
manner that completely characterizes the circuit 
functions. 1 

The truth tables for the AND, OR, Exclusive-OR, 
and complement operations are: 


AMD 

OR 


Exclusive-OR 

complement 

B A Q 

B A 

0 

8 A Q 

A Q 

0 0 0 

0 0 

0 

0 0 0 

0 1 

0 1 0 

0 1 

1 

0 1 1 

1 0 

1 0 0 

1 0 

1 

1 0 1 


1 1 1 

1 1 

1 

1 1 0 



These truth tables are called one-bit tables because 
the data words, A and B, each contain only a 
single bit. 

When discussing logic instructions, it is useful to 
employ Boolean symbols. Such symbols originate 
from the subject of Boolean algebra, which is the 
mathematics of logic systems. This particular form of 
mathematics was originated in England by George 
Boole in 1847. Alphabetic symbols such as A, B, 
C, . . ., Q are used to represent logical variables with 
1 and 0 representing logic states. Boolean algebra did 

By Jonathan Titus, David G. Larsen, 
WB4HYJ, and Peter R. Rony 

Mr. Larsen, Department of Chemistry, and Dr. Rony, Department 
of Chemical Engineering, are with the VirginiaTolytechnic 
Institute and State University, Blacksburg, Virginia. Mr. Jonathan 
Titus is President of Tychon, Inc., Blacksburg, Virginia. 


not become widely used until 1938, when Claude 
Shannon adapted it to analyze multi-contact net¬ 
works for telephone networks. 

You should learn the basic Boolean symbols that 
are used in Boolean algebra computations, and thus 
all digital logic. These symbols include the following: 

+ which means logical addition and is given 
the name OR 

• which means logical multiplication and is 
given the name AND 

© which is given the name Exclusive-OR or 

_ XOR 

A which means negation and is given the 
name NOT 

The negation symbol is a solid bar over a logical 
variable. Thus, the Boolean statement for a 2-input 
AND gate is Q=A • B, or simply £? = AB, where the 
equality symbol (=) means that both variables or 
groups of variables are the same. It is useful to sum¬ 
marize the symbol operations for the three gates that 
are being considered: 


AND 

OR 

Exclustve-OR 

complement 

0*0 = 0 

6+0 = 0 

0 + 0=0 

6 ” =1 

0 * 1=0 

0+1 = 1 

0+1 = 1 

1 =0 

1 * 0=0 

1 + 0=1 

1 + 0=1 


1*1 = 1 

1 + 1 = 1 

1 + 1=0 



Multi-bit logic operations are treated as many one- 
bit logic operations, therefore no new principles of 
logic are involved. The corresponding bits of one 
binary word logically operate on the corresponding 
bits of the second binary word to produce an overall 
multi-bit logic result. The length of the binary words 
can be any number of bits: two bits, eight bits, thirty- 
two bits, etc. Since the 8080A microprocessor per¬ 
forms multibit logic operations on eight-bit words, all 
of our examples will involve full bytes. 

Consider the eight-bit logic variable, A. The in¬ 
dividual bits in this variable can be labeled as A7, A6, 
A5, A4, A3, A2, A1, and AO, with AO being the least 
significant bit (2° bit) and A7 being the most signifi¬ 
cant bit (2 7 bit). Also, consider the eight-bit logic 


Reprinted with permission from American Laboratory, 
December, 1976, copyright © International Scientific Com¬ 
munications, Inc., Fairfield, Connecticut, 1976. 
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variable, B, which has individual bits that can be 
labeled as B7, B6, B5, B4, B3, B2, B1, and BO. The 
logic operation, A • B = Q, means the following eight 
one-bit logic operations: 

AO • BO = QO A4 • B4 = Q4 

A1 • B1 = Q1 A5 • B5 = Q5 

A2 • B2 = 02 A6 • B6 = Q6 

A3 • B3 = Q3 A7 • B7 = Q7 

The result of the logic operation is the logic variable, 
Q, which has a least significant bit of QO and a most 
significant bit of Q7. In other words, multi-bit logic 
operations are performed bit by bit via a series of 
one-bit logic operations. It is easier to perform multi¬ 
bit logic operations if the multi-bit binary words are 
placed one under the other. Thus, if A= IIOIIIII 2 
and B = 001000112, then A • B is 
11011111 2 
•OOIOOOH 2 
OOOOOOII 2 

or Q = 00000011 2 . We have performed a logical AND, 
and have used the relationships 0*1 = 0 and 1*1 = 1 
in deriving the final result. 

One of the more important uses for multi-bit logic 
operations is in situations in which the on-off state of 
external devices must be monitored. Consider the 
following system of eight devices: 


bit 



position 

devices 

logic state information 

BitO 

pressure sensor 

1 = pressure above setpoint 

0 = pressure at or below setpoint 

Bit 1 

temperature sensor 

1 = temperature above setpoint 

0 = temperature at or below setpoint 

Bit 2 

velocity sensor 

1 = velocity above setpoint 

0 = velocity at or below setpoint 

Bit 3 

flow rate sensor 

1 = flow rate above setpoint 

0 = flow rate at or below setpoint 

Bit 4 

concentration 

sensor 

1 = concentration above setpoint 

0 = concentration at or below setpoint 

Bit 5 

valve A 

1 = valve A open 

0 = valve A closed 

Bit 6 

valve B 

1 = valve B open 

0 = valve B closed 

Bit 7 

power 

1 = power on 

0 = power off 


We can call the group of eight bits the status byte for 
our system of eight devices. At any instant of time, 
the status byte will have a specific value. For exam¬ 
ple, the status byte IIIOOOIO 2 signifies that the 
pressure is at or below the setpoint, the temperature 
is above the setpoint, the velocity is at or below the 
setpoint, etc. 

A group of logical instructions will permit you to 
determine the following characteristics about the 
previously listed external devices. 

1. Which devices are on, open, or above the 
setpoint? 


2. Which devices are off, closed, or at or 
below the setpoint? 

3. Since the last time we checked, which 
devices have gone from on to off, open to 
closed, or above the setpoint to at or below 
the setpoint? 

4. Since the last time we checked, which 
devices have gone from off to on, closed to 
open, or at or below the setpoint to above 
the setpoint? 

In other words, using logical instructions you can 
determine not only the current state of the external 
devices, but also what changes have occurred since 
the last time that the devices were interrogated. 
Assume that we have just interrogated all eight 
devices and have found the current status byte to be 
11 1 OIOIO 2 , where the least significant bit, bit 0, is on 
the far right. One second ago, the status byte was 
IIIOIOOI 2 . We wish to know what the current state 
of each device is, which devices have changed state 
during the last second, and in which direction. The 
steps that are employed to answer the questions are 
as follows: 

1. Examine the current status byte. Determine 
the status of each external device from the 
logic state of its status bit. 

The current status byte (CSB) is 11101010 2 - From 
this value, we conclude that the pressure, velocity, 
and concentration sensors are all at or below their 
respective setpoints; the temperature and flow rate 
sensors are above their respective setpoints; and that 
value A, value B, and power are all on. 

2. Perform an Exclusive-OR operation between 
the prior status byte (PSB) and the current 
status byte (CSB). A logic 1 in the result will 
indicate that the logic state of that device 
has changed. 

The logical operation that we wish to perform is, 

PSB © CSB = Q1 

where PSB = 11101001 2 , CSB = 11101010 2 , and Q1 is 
the result of the Exclusive-OR operation. Thus, 

11101001 PSB 

011101010 CSB 

00000011 Q1 

and Q1 =00000011 2 - We conclude that only the 
pressure and temperature sensors have changed 
state. 

3. Perform an AND operation between Q1 and 
the prior status byte (PSB). A logic 1 in the 
result indicates a device that has changed 
state from logic 1 to logic 0. 
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The logical operation that we wish to perform is, 

PSB • Q1 = 02 

where PSB = 11101001 2 , Q1 = 00000011 2 , and 02 is 
the result of the AND operaton. 

11101001 PSB 

*00000011 Q1 

00000001 02 

Thus we can conclude that the pressure sensor has 
changed from being above the setpoint to now at or 
below the setpoint (logic 1 to logic 0 transition). 

4. Negate (or complement) Q2, then ADD this 
complemented result with Q1. A logic 1 in 
the result indicates a device that has chang¬ 
ed state from logic 0 to logic 1. 

The logical operation that we now per¬ 
form is, 

Q2 • Q1 = Q3 

Since Q2 is 00000001 2 , the complemented value of 
Q2 must be 11111110 2 . The result of the AND opera¬ 
tion is obtained as follows: 

11111110 Q2 

*00000011 Q1 

00000010 Q3 

The result, Q3 = 00000010 2 , permits us to conclude 
that the temperature sensor has changed from at or 
below the setpoint to above the setpoint (logic 0 to 
logic 1 transition). 

The reason that we perform a series of logical 
operations is to determine what type of corrective ac¬ 
tions must be applied to our system if it is not 
operating properly. If the temperature is below its 
setpoint, we may have to turn on a heater. If the con¬ 
centration of the reactant is too high, we may have 
to turn valve B off and temporarily halt the flow of 
reactant into the system. If the pressure is above the 
setpoint, we may have an emergency condition and 
must shut the power off to the entire system. With a 
properly interfaced microcomputer, all such deci¬ 
sions can be easily and quickly made under software 
control and the necessary corrective actions in¬ 
itiated. However, you must be aware of the fact that 
mechanical and electromechanical devices typically 
have response times that are much longer than the 
decision times for a microcomputer. These response 
times must be taken into account in our software 
design, and are important considerations in the field 
of digital controls. 

reference 

1. R. F. Graf, Modern Dictionary of Electronics, Howard W. Sams 
&Co., Indianapolis, 1972. 
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DON & BOB’S 

SUPER STATION BUYS 

VHF SPECIALS: Kenwood TS 700A List... $599 Call for quote 
KLM: Antennas, Linears, Accessories All In Stock 

JANEL PREAMPS: In Stock 

HAM X ROTOR (New Model) Turns 28 sq. ft. of antenna 
(August delivery) List. . . $325 Your Price $289 

KLM KR40O ROTOR $85.00 

COE Big Talk Rotor $79.00 

COE HAM II $129.00 

BIRD WATTMETERS: In Stock 

Hy Gain Hand! Talkie $189.95 Call for quote 

TELEX HEADSETS: In Stock 
CETRON 572B $24.95 ea. 

CABLE 5/32", 6-strand, soft-drawn guy cable. For mast or 
light tower, 3c foot. 

BELDEN COAX CABLE: 8237 RG8 19c ft., 8214 RG8 foam 
23c ft., 8448 rotor cable 14c ft., 8210 72 ohm kw twlnlead 
$19/100 ft. 8235 300 ohm kw twinlead $12/100 ft., PL259 
49c; UG175 adapter 19c; PL258 double female $1.00. 

NYLON CORD 5000 ft. f per roll $15.00 

CALL FOR QUOTES ON: ATLAS 350XL, 
KENWOOD TS520, TS700A, TR7400A, FT101E, 
TEMPO 2020 & ETO ALPHA. ALL IN SEALED 
CARTONS. 

CALL US FOR QUOTES & ITEMS NOT LISTED 

TERMS: All prices FOB Houston. Quotes Good 30 Days. All 
Items Guaranteed. Some items subject to prior sale. Send 
letterhead for Amateur dealers price list. Texas residents add 
5% tax. Please add postage estimate, excess refunded. 

MADISON 

ELECTRONICS SUPPLY, INC. 


1508 McKINNEY 
713/658-0268 


HOUSTON, TEXAS 77002 
Nites 713/497-5683 



1 


SSftw GREGORY ELECTRONICS 

The FM Used 
^ Equipment People. 


6 METER F.M. SPECIALS 


G.E. MA/E13, 40-50 
MHz. 6/12 volt. 30 watts, 
vibrator power supply, 
transmitter narrow band, 
receiver wide band. A 

complete unit, not oper- w 14 ' H ° 15 
ationally checked-out, less accessories, 5 
shipping weight 45 lbs. 



28 


MOTOROLA T51G series, 40-50 MHz. 6/12 volt, 50 
watts, vibrator power supply, transmitter narrow 
band, receiver wide band A complete unit, not 

operationally checked- 
out, less accessories, 
shipping weight 60 lbs. 



s 18 ' 


W 15". H 6", D 18” 


re ; M 


245 Rt. 46. Saddle Brook. N.J. 07662 
Phone: (201) 489-9000 
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presents 


DRAKE TR-4CW 


V DRAKE FS-4 SYNTHESIZER 

NEW! Drake - 

ENCODER MIKE NOW IN 
STOCK. 

WE CARRY A FULL LINE OF ANTENNAS, ROTATORS AND TOWERS. 


MULTI-2700 

BRILLIANT NEW 2 METER 
TRANSCEIVER 


AVAILABLE AT 


TUBES AVAILABLE 


Slecfo'on fed 


COMPLETE YAESU, KLM, KENWOOD, DRAKE, ICOM. TEMPO, SHURE, 
TURNER ASTATIC, HYGAIN, LARSEN. KDK, WILSON. ATLAS. SWAN, 
BIRD. MINIPRODUCTS. ETC. IN STOCK. 




MAIL ALL ORDERS TO: BARRY ELECTRONICS CORPORATION 
512 BROADWAY, NEW YORK CITY, NEW YORK 10012 
BARRY INTERNATIONAL TELEX 12 7670 
212-925-7000 


THE NAME THAT’S KNOWN AROUND THE WORLD 


FAST SCAN AMATEUR TELEVISION EQUIPMENT 


Armchair Copy 


SOLID STATE 


BROADCAST QUALITY 
PERFORMANCE 


AX-10 TRANSMITTER 


FOR TECHNICAL DATA 
AND PRICING, 

WRITE TO: 


AM-1A RCVR MODEM 


Shortwave Listening 

Our ONLY occupation is 
supplying everything you 
need to tune the mediumwave 
and shortwave bands —and 
identify what you hear Our 
NEW mini-catalog details 
Barlow Wadley, Drake and 
Yaesu receivers, WORLD 
RADIO TV HANDBOOK, logs, 
receiving antennas & tuners, 
calibrators, FM or TV guides, 
AM pattern maps, QSL 
albums, ITU publications, 

RTTY displays, CONI IDEN- 
TIAL f RFQUENCY LIST, 
clocks and all SWL books 

GILFER ASSOCIATES, INC 

P.O. Box 239, Park Ridge, NJ 07656 


APTRON LABORATORIES 


IC OM OWNERS 

• 192 1 


CHANNELS For The ICOM-22S 
• 145 350 To 148 215 MHZ in 15 KHZ Steps 
• Easy to use, low cost 
• Totally enclosed wiring 
• Unit fully wired and tested 
• Top quality components and construction 
• Easy installation 

^ Posl Pait) in U S A. 

V# 'LL RESIDENTS ADD 5S SALES TAX 

MARCONI ENGINEERING 

1250 Golf Road • Des Plaines, Illinois 60016 


Si 

Channel Programmer 
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E-DIGir LED CLOCK CRLEflDRR KCf 

orte- rims-smsE naimt rrms... m m 




■ 5 THE BEST. FEATURING 120R 24 HOUR TIME — 29 *30-31 DAY CALENDAR. ALARM, SNOOZE AND AUX. TIMER CIRCUITS 

ind date (2 seconds) or may be wired for time or date display only SB 11 ' 

d. Has built-in oscillator for battery back-up. A loud 24 hour alarm inaltiM 

snooze alarm, alarm set & timer set indicators. Includes 110 \ HBWRH / 

:ord and lop quality components thrnuoh-nnt . — 

BIBtHEtHH displav rA_( 

KIT - 7001B WITH 6 5 DIGITS. $39 9S UOTMTOCI RUiaiBDIBil 

KIT 7001C WITH 4 6 ’ DIGITS b I HIBI SISIIsIB ^ 

2-,3'DIGITSFOR SECONDS.*42 95 rom x DiSPi ay . LC''' /// - rJ _ 

KIT - 7001 X WITH 6 6 " DIGITS.$45.95 CHOICE OF DIGITAL OISPLAVS 7001 B DISPLAY 

KITS ARE COMPLETE (LESS CABINET) WITH PC BOARDS, POWER SUPPLY, 1C & SOCKET, 16 TRANSISTORS 9 SWITCHES 
_AND ALL REQUIRED PARTS ALL7001 KITS FIT CABINET I AND ACCEPT (OPTIONAL) QUART* CRYSTAL TIME BASE KIT * Tl B-1 


7001 X DlSPt AY j_ 

CHOICE OF DIGITAL OISPLAVS 


7001 S DISPLAY 


S DIGIT LEO CLOCK KIT # 850-H ITIOSILS LEO CLOCK 

12/24 HR.OPERATION BIG 4" DIGITS 50/60 HZ OPERATION. 

*1195 QT 

1 ■ ea 1-5 


it Plexiglas Cabinet II 



$1flA5 QTY 

lu ea 6-11 

IQ95 OTY 12 
a ea OR MORE 



KIT INCLUDES Kit #850 4 

• INSTRUCTIONS 

•QUALITY COMPONENTS -A 
•50 or 60 Hz OPERATION jb J* 

• 12or24 HR OPERATION ~ 

6-LEO Readouts!FNO 359Red.com cathode) 

1-MM5314 Clock Chip (24 pin) 

13-Transistors 
3 Switches 

5 ofod'es ,or * *®S0-4 will furnish a complete Tirol clock components as listed. 
9 Resistors The only additional Items required are a 7-12 VAC transformer, a circuit 
24 Motes pins boird , nd , cabinet, if desired." 

PRINTED CIRCUIT BOARD FOR KIT #850-4, SCREEN PRINTED 
DRILLED AND SOLDER PLATED FIBERGLASS $2.95 

MINI-BRITE RED LED’S IFOR COLON IN CLOCK DISPLAY) Pko of5-$100 
MOLDED PLUG TRANSFORMER 115/10 VAC I WITH CORD) .$2.50 

_NOTE Enji/eOock may be assembled on one PC Board or Board may be cut to remote flispiay 


PLEXIGLAS CABINETS 

Great lor Clocks or any LED 
Digital project . Clear-Red 
Chassis serves as Bezel to 
..... increase contrast of digital 

ABINET I displays. 

3"H.6K"W,5K"D Black, White or 
CABINET II c,ear Cover 
2)4"H,5"W.4"D $6.50 ea 


RED OR GREY PLEXIGLAS FOR DIGITAL BEZELS 

3"x6' x 1 /8"_95« ea 4/*3 


NEW LSI TECHNOLOGY 

FREQUENCY COUNTER KIT 

8 LARGE .4” RED LED DIGITS 

• ONLY 8 IC’sl • XTAL TIME BASE 
A truly “State of the Art" counter using quality 
components throughout. 

KIT INCLU0ES: DETAILED INSTRUCTIONS, XTAL, 
TOP QUALITY FIBERGLASS DOUBLE SIDED PC 
BOARD, IC S WITH SOCKETS ANO ALL PARTS LESS 
POWER SUPPLY AND CABINET. 

50 MHZ COUNTER KIT #FC-50 $69.95 

5 VOLT REGULATED 1 AMP 

POWER SUPPLY KIT #PS-02 $9.95 

350 MHZ PRESCALER KIT BPSL-350 23.95 

650 MHZ PRESCALER KIT #PSL-650 $29.95 . 

CABINET (A MTG HARDWARE] #CAB III $19.95 

[CABINET WILL HOUSE #FC-50, #PS-02, AND A 
PRESCALER] , 

DELIVERIES TO START IN MAY, 1977 


DIGITS! 



MODEL 12 V °LT AC or 
#2001 DC POWERED 

• • JUMBO A" RED LED'f BEHIND RED FILTER LENS WITH CHROME RIM 
« SET TIME FROM FRONT VIA HIDDEN SWITCHE1 • 12/J4-Hr. TIME FORMAT 

• STYLISH CHARCOAL GRAY CASE OF MOLDED HlQH TEMP. PLASTIC 

• BRIDGE POWER INPUT CIRCUITRY - TWO WIRE NO POLARITY HOOK UP 

• OPTIONAL CONNECTION TO BLANK DISPLAY<Um Wh*n Key Of# In Car. Etc.) 

• TOP QUALITY PC BOARDS ft COMPONENTS - EXCELLENT INST 

• MOUNTING BRACKET INCLUDED 

KIT #2001 ____ VAC xa, 

COMPLETE KIT OQf • 3 OR 40791 *•?/•** 94 

ILna 9V B*n«rv> MORE j A ft AC-1 




SEE THE WORKS Clock Kit 

Clear Plexiglas Stand 

•6Big .4” digits 


•3 set switches 


• Plug transformer 

•cliparts included 


Plexiglas is 


Pre-cut & drilled 

p>\ 

Kit #850-4 CP 


Size: 6 ”H,4V 3 "W,3"D 

*23“ 2/*4! 



JUMBO DIGIT CLOCK 

A complete Kit (less Cabinet) 
featuring: six 5''digi|s,MM5314 1C, 
12/24 Hr time, 50/60 HZ., Plug- 
Transformer, Line Cord, Switches, 
and all Parts. (Ideal Fit irv Cabinet II 
Kit tt 5314-5 . Hni . 

*19* 5 2/*38 

with prno„4, ' 


JUMBO DIGIT S9 95ea 
CONVERSION KIT * 5, 3063 
Convert small diait LED clock to 
large 5" displays. kCit includes 6 - 
LED's, Multiplex PC Board & easy 
hook-up info. 

Kit tt JD 1CC For common Cathode 
Kit tt JD 1CA for common Anode 



Fairchild Super Ditit 
FND-359 

Oil r. Hi. 
7 Mpm en t LED 
ISKx KD Cera. Calh. 

Direct pin 
rtelAciment for 
MMiUr FND-70 

95/41,10/S8.50 

100/979.00 


SET OF 6 FNO-359 

WITH MULTIPLEX 
PC BOARD$6.95 


NYLON WIRE TIES 

8" TIE WRAP 100/St 95 
4" TIE WRAP 100/3V75 

PLUG 

TRANSFORMERS 

12 VAC at 150 MA s 2 50 
12 VAC at 500 MA 3 50 
7VAC at 1 76 VA *150 


SCHOTTKY TTL PRESCALE 


TRANSISTORS 


74500 S 35 

74501 40 


AUTO BURGLAR 
ALARM KIT 

AN EAST TO ASSEMBLE AND EAST TO INSTALL 
ALARM PROVIDING MANY FEATURES NOT 
NORMALLY FOUND KEYLESS ALARM MAS 
PROVISION FOR POS A GROUNDING 
SWITCHES OR SENSORS MILL PULSE MORN 
RELAY AT 1 HZ RATE OR DRIVE SIREN KIT 
PROVIDES PROGRAMMABLE TIME DELAYS 
for Exit, entry t alarm perioo unit 
MOUNTS UN0ER DASH remote SWITCH 
CAN BE MOUNTED WHERE DESIRED CMOS 
RELIABILITY RESISTS FALSE ALARMS t 
PROVIDES FOR ULTRA DEPENDABLE ALARM 
DO NOT BE FOOLED BY LOW PRICES1 THIS IS A 
TOP QUALITY COMPLETE KIT WITH ALL PARTS 
INCLUDING DETAILED DRAWINGS AND IN¬ 
STRUCTIONS OR AVAILABLE WlREO ANO 
TESTEO 



KIT #ALR-1 
$9.9* 
#ALR-1WT 
WIRED & 
TESTED 


VARIABLE REGULATED 
1 AMP 

POWER SUPPLY KIT 

• VARIABLE FROM 4 10 14V 

• SHORT CIRCUIT PROOF 

• 723 1C REGULATOR 

• 2N3055 PASS TRANSISTOR 

• CURRENT LIMITING AT 1 Amp 
KIT IS COMPLETE INCLUOING 
DRILLEO & SOLDER PLATED 
FIBERGLASS PC BOARD AND 
ALL PARTS (Less TRANS¬ 
FORMER) KIT iPS-01 SB. 95 


TRANSFORMER 24V CT will 
provide 300MA at 12V and 
1 Amp at 5V with 9PS-01 S3.50 


74S05 

.60 

74S09 

.55 

74S10 

40 

74S20 

50 

74S22 

45 

74S40 

45 

74S50 

46 

74S51 

55 

74S60 

.85 

74S64 

.55 

74S74 

85 

74S?5 

1 75 

74S/8 

1 50 

74S86 

95 

74SI07 

95 

74S112 

95 

74S113 

1.40 

74S114 

95 

74SJ33 

75 

74S134 

75 

74S138 

J 75 

74S139 

1 50 

74S151 

1.96 

74SI53 

1.96 

74SI55 

1 96 

74SI56 

1.96 

74S157 

1 80 

74S158 

2.50 

74SI74 

2 50 

74S175 

2.50 

74S181 

2 95 

74S182 

1 96 

74S251 

2 75 

DIGITAL 

CLOCK 

IC’$ 

MM5312 $ 

. 4.95, 


UC90DC SI 5.95 
95H90 9.95 

VOLTAGE 

REGULATORS 

LM309H TD 5 $ 95 
LM309K TO 3 »-2S 

7805 TA0 95 

7812 T A0 1.25 

7812 TO 3 1.50 

7815 TO 3 125 

7815 TAB 1.25 

78L15 TO 5 75 

7824 TO 3 7 25 

723 Ol P 75 

723 TO 5 75 

PROM 

1702 E Prom $8 95 

5203 E Prom SB 95 

SWITCHES 

ROCKER SPOT 6/51 
MINI SLIDE SPDT 5 51 
REG SHOE OPDT 6 SI 
PUSH BUTTON N.0.3 S1 
MINI spot >130 
TOGGLE DPDT 150 
1C SOCKETS 
PINS 1 24 25 100 

3 5 25 $ 22 S .20 

14 25 22 20 

16 28 25 .23 

18 31 28 26 

24 50 45 401 


MM 5314 3.95 

MM 5375 AB 3 95 
CT 700 1 7 95 

CT 7002 13 95 

MM 5369 2 50 

LEO DRIVERS 

7447 S 95 

7448 95 

75491 65 

75492 65 


XTAL 

3 579545 MHZ Si 95 

_ 21L02 

PRIME -450 NS 
LOW POWER 
FAIRCHIIO 
OR SIGNETICS 
1-24 SI.95 

25-96 1 75 

100-199 I.M 

200-499 1.45 

Over 500 1.40 


2N2222 A To 18 3/91.00 

2N2752 TO 98 5/SI 00 

2N3415 TO 9 S-S1 00 

2N3704 TO 92 5/SI.00 

2N4400 TO 92 5/S 1.00 

2N4126 TO 92 5/S1.00 

2N4249 TO 92 5/SI 00 

2N4437 TO 92 5/SI 00 

2N6027 PUT 2S100 

2N5457 N J Fet 2/$J 00 

0I00ES 

IN 4002 1A.100PIV 12/SI 00 

IN 4005 1A.600PIV 11/S1.00 

IN4007 1A. 1000PIV 10/SI 00 

RFCTIFIER 2 5A, 1000PIV 4/SI 00 
IN 914 Sll. SIGNAL 20/SI 00 
IN4148 SIL SIGNAL 20/SI 00 
DYAC 28V. 4/S 1.00 

LINEAR 

555 TIMER 2/S1 00 

556 DUAL TIMER 95 

565 PLL 95 

566 FUNCTION GEN. 175 

567 TONE DECODER 1.75 

TRANSISTOR SOCKET , 
TO-5/18 GOLD PINS 

5 SI 00 

3 7-SEG 
LEO 

COMMON CATHODE 

COlORHT OECPT.PR ea 
FNO 359 RED 4" RHDP $ 95 
FND 503 RED 5’ RHDP SI 35 
OL 750 RED 6" IHDP $2.95 
XAN 654 GREEN 6" NDP Si 95 
XAN 664 RED 6'' NDP SI 96 


OP AMPS 

3/91.00 
301 TO-S ** 
709 OIP 
709 TO 5 
741 Dip 
741 M DIP 
741 TO 6 
747 TOS 

DISCRETE 

LED's 

JUMBO RED | 


PC TRIM 
POTS 

25K 6/SI 00 
4 7K 6/SI 00 


COMMON 

OL 747 RE0 
XAN 72 RE0 
MAN 72 REO 
XAN 81 YELLOW 
XAN 351 GREEN 
XAN 361 RED 
XAN 362 RED 
XAN 662 RED 
XAN 692 RED 


ANODE 

6" LHDP SI 96 
3 " LHOP $1.25 
3" LHDP $1.25 
.3" RHDP $1 75 
3" RHDP $1 50 
3" RHDP $1 50 
3 LHOP SI 50 
6” NDP St 95 
6" NDP $1 95 




OPTOELECTRONICS, INC. 


HOLLYWOOD. FLA 33022a (3051 921 2056 


ORDER BY PHONE OR MAIL 

COD OfiOERS WELCOME 


1 AV 

WE PAY All SHIPPING IN CONTINENTAL USA - OTHERS ADD 5% [10% FOR AIRMAIL] 


Orders Under SI 5 Add SI. 00 Handling 
Fia Res Please Add 4 L '<> Sales Tax. 


More Details? CHECK-OFF Page 126 
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low-impedance 
headphones for Heath 
HW-16 

The Heathkit HW-16 transceiver 
represents a very good value in amateur 
radio equipment, offering the beginning 
ham a transmitter and receiver combina¬ 
tion designed for CW, and contains 
everything necessary to "get on the air" 
except antenna, speaker and key. The 
HW-16 also makes a good back-up rig in 
case your main station equipment is out 
of service or if your General class license 
is running out and you need some CW 
contacts to brush up on your code 
speed and fulfill the renewal 
requirement. 

The problem arises when trying to 


simple, quick, and costs nothing. If you 
are building the kit, you might want to 
wire in the new circuit from the start. 

Fig. 1A is a reproduction of the 
audio output circuit diagram which 
appears in the Heath HW-16 construc¬ 
tion and operation manual. 

You will see that plugging head¬ 
phones into this circuit does not discon¬ 
nect the speaker, but places the speaker 
in series with the phones. With 8-ohm 
phones and an 8-ohm speaker, one-half 
of the audio still goes to the speaker. 
You will also note that to use earphones 
of any kind, you must have an 8-ohm 
load plugged into the speaker jack, 
because the two jacks are in series. 


phones or speaker interchangeably. 
Since I've rewired my HW-16 this way, I 
operate more often because my family 
doesn’t complain that audible CW notes 
interfere with their favorite television 
program. 

John Pawlicki, WN8WJR 

improved ssb 
reception with the 
Collins R392 

A serious deficiency of the Collins 
R392, an otherwise excellent general- 
coverage receiver, is the severe distor¬ 
tion produced by strong ssb signals. 
While turning down the rf gain control 
solves the problem, it is extremely 
inconvenient when dealing with a 
variety of signals of different strengths 
— as when tuning across an amateur 
band. 

The R392 was designed primarily for 
a-m and fsk use and uses a simple diode 
detector. Experiments with a product 
detector and outboard audio stages 
produced no significant improvement. 
Observing the signals at the i-f output 
connector on the front panel with an 
oscilloscope revealed that strong ssb 
signals caused considerable flat-topping 
in the stages ahead of the detector. 
When the rf gain control was backed off 
to the point where clipping did not 


use 8-ohm headphones to avoid dis¬ 
turbing the rest of the family. Low- 
impedance headphones do not mute the 
speaker. Fortunately, the solution is 


PHONE JACK 



SPEAKER 


e 


PHONE JACK 



o 



fig. 2. Hang age circuit for the Collins R392 communications receiver. R4 is five 20-megohm 
resistors in series. Resistor R1 is adjusted for 7 Vdc at rest point B. Adjust R5 for zero out at 
age out with no signal at the input (point A). AM diodes are 1N459A or 1N914. 


fig. 1. Schematic of the audio output circuit 
of the Heathkit HW-16 transceiver showing 
phone jack in series with the speaker jack 
as originally wired. IB). Revised schematic 
showing simple modification of the HW-16 
audio circuit permitting phones or speaker to 
be used interchangeably. 


Rewire the circuit as shown in fig. IB, 
to disconnect the speaker completely 
when phones are plugged in. Note that 
in this circuit, however, you can use 


occur, the detected audio sounded fine. 
This indicated that the problem was due 
to the age system (designed for a-m 
signals) more so than the detector. 
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Ssb reception may be improved using 
the audio-derived hang age circuit of fig. 
2. The detector/audio module of the 
R392 conveniently has test points at the 
detector output, at which the audio 
signal may be picked up, and at the age 
line, at which the externally-derived age 
voltage may be introduced, with no 
modifications. 

A hang-type circuit derived from that 
described by Hartke* is used. Q1 pro¬ 
vides some amplification and high input 
impedance to prevent loading of the 
audio circuit at J615. The output of Q1 
is rectified by CR1 and gated by CR5 
onto C2, the age hang capacitor. Simul¬ 
taneously, CR1, CR2, CR3, and CR4, in 
a voltage quadrupler configuration, 
develop a control voltage gated to Cl 
via CR4. This control voltage keeps Q2 
pinched off as long as a signal is present 
and permits C2 to remain charged and 
maintain the negative age voltage. Upon 
removal of the signal. Cl discharges 
through R2/R3 and — after the hang 
time, when the pinch off voltage of Q2 
is reached — it conducts and quickly 
discharges C2, restoring the receiver 
gain. 

Source follower Q3 acts as a high 
input impedance buffer between C2 and 
the receiver age line. R4 is required to 
provide a dc return for the gate of Q3. 
The time constant R4C2 is so long rela¬ 
tive to R2C1 that the presence of R4 
causes no significant discharge of C2 
during the hang period. R5 serves to 
adjust the dc offset at the age terminal. 
The minus supply voltage is not critical, 
as long as it is stable (I happen to have 
an 8-volt zener on hand). Strong signals 
charge C2 negatively, reducing the drain 
current of Q3 and causing the source 
voltage (drop across R5) to move in a 
negative direction. 

installation 

No major modification of the R392 
is required. The age circuitry was built 
on a small piece of perforated board and 
mounted in the external power supply 
unit. Connections to the detector out¬ 
put and the age line were made at test 
points J615 and J614 respectively, on 
the audio module (lower deck assem¬ 
bly). In my case, lengths of miniature 
shielded cable were fitted with pin plugs 
to match the J614 and J615 sockets and 

*J.L. Hartke, W1ERJ, "Solid-State Hang AGC 
Circuit for SSB and CW," ham radio, Septem¬ 
ber, 1972, page 50. 


the other ends wired to unused pins on 
the receiver power socket, J103. The 
connections to the age module in the 
power supply were thus made via the 
power connectors, again using miniature 
shielded cable. Pin J on the receiver 
power connector is unused and is 
directly available. Several other pins are 
only needed when the original matching 
transmitter and microphone/headset are 


2N3643 



fig. 3. Power supply for the R392 hang age 
system (fig. 1). 


used. Therefore, the wire to pin C was 
unsoldered, capped, and this pin on 
J103 was used for the other age 
connection. 

The front panel must be removed to 
gain access to the rear of the power 
connector. However, this is a relatively 
simple procedure following the instruc¬ 
tions in the manual.t With the panel 
off, capacitor C104, 0.47 mF, which is 
switched into the original age circuit by 
the bfo switch, should be disconnected. 
This improves the attack time of the 
new age circuit. This is the larger of the 
two capacitors mounted on the inside of 
the front panel near the bfo on-off 
switch. 

The required voltages are derived 
from the power supply unit shown in 
fig. 3. Simple zener diode regulators 
would also suffice since the current 
demands are only a couple of milliamps. 

adjustment 

Adjustment is simple. First, with no 

t "Field and Depot Maintenance Manual, 
Radio Receiver R-392/URR," Army 
Technical Manual TM 11-5820-334-35. 


input signal to Q1, source resistor R1 is 
selected to provide a static drain voltage 
of about 7 volts to ensure maximum 
dynamic range at this stage. Next, with 
the connection to J614 also open, R5 is 
adjusted for zero volts at the age output 
terminal. The circuit is then ready to go. 

The added age required no butch¬ 
ering of the original circuitry and has 
resulted in a dramatic improvement in 
ssb reception performance. 

A.D. Lightstone, VE3LF 

test probe accessory 

A volt-ohm-milliammeter (VOM) 
may be the most-used piece of equip¬ 
ment owned by the average radio 
amateur or experimenter. All voms are 
supplied with flexible insulated wire 
leads that have either pointed test 
probes or alligator clips at their ends, 
but not both. 

Each type has its preferential use, 
but unfortunately not always in a com¬ 
patible manner. Pointed test probes are 
handy for poking around to check 
resistors, capacitors, shorts, and the like; 
but for troubleshooting and checking 
voltages at tube sockets and so on, I 
prefer an alligator clip on the negative 
lead so that it may be clipped on to the 
chassis. Alligator clips are also handy for 
connecting to a circuit that may require 
monitoring for a period of time. 

PINCH THROAT OF CLIP 
WITH PLIERS TO PROVIOE 
A TIGHT SLIP-FIT FOR 



TYPE 60HS (PLATED STEEL) 

TYPE 60CHS (SOLID COPPER) 

Oft EQUAL 

fig. 4. Pointed-tip test probe is easily con¬ 
verted to clip-type test probe by simple addi¬ 
tion of an alligator clip. 

My favorite vom had pointed test 
probes and, due to my experimental 
endeavors, I fashioned a bunch of patch 
cords with alligator clips on both ends. 
A few of these in red and black were 
left over, so I began experimenting with 
them. I found that I could slip the 
pointed test probes into the clips 
(Mueller) and obtain a reasonable fit. 
Now I have the advantage of using my 
test probes as is, or I can slip an alligator 
clip on when I want, as shown in fig. 4. 

Ken Cornell, W2IMB 
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Manufacturer’s 
displays* Forums 

$5000 in prizes. 41 1-n/eather flea- 

market and camD area ODen Fridav. LADIES PROGRAMS 
TICKETS: $200 in advance, kids under 12 free. 
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******* ******* 

******* *** *** 

******* *** *** 

****** *** *** 

*** *** *** 

*** ******* 

*** ******* 

*** ***** 


** ******* ******* 

* ******* ******* 

* * * * * * 

* * * * * * 

* * * * * * 

* * * * * * 

* * * * * * 

* * * * * * 

* * * * * * 

* * * * * * 


For tickets & info, write: Radio Expo, box 1014. Arlington Hts, IL 60006 


STEERABLE PHASED ARRAYS 

2 ELEMENTS OR 4 ELEMENTS 

^V 




w 



c 


RX/TX 


NOW THEY ARE MADE PRACTICAL BY 
THE OMEGA-T 2000C BEAM STEERING COMBINER 

Broadband, 1.8-30MHz. Can be used 
with any type antennas - verticals, dipoles, beams. 

Write for details or see your dealer. 



■LECTROSPACE 

SYSTEMS, INC. 


Mobile Communications 
Support Test Equipment 


AVAILABLE FROM YOUR 

AUTHORIZED 

Bii\Q DISTRIBUTOR 

WEBSTER COMMUNICATIONS 

115 BELLARMINE 
ROCHESTER, Ml 48063 
313-375 0420 


P.O. BOX 1359, RICHARDSON, TEXAS 75080, (214) 231-9303 
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NEW! 


Exclusively for the 
/COM 1C 22-S... 



SPECSCAN-S Programmable Scanner 


Here’s the product that was the talk of Dayton ... The ONLY Digital Scanner made 
for the IC-22S. It adds a whole new dimension to 2M FM. If any other accessory 
can make your IC-22S as versatile as the SPECSCAN-S does, Buy It! 

Scans the entire 146-147 MHz Band in 15 • Manual mode feature lets you scan past 

KHz steps, automatically, or manually any portion of the band and manually 

select a desired channel. 

Exclusive VARI-SCAN ™ control allows ^ J .. 

full control of scan rate in either direction'. * ^ an used as a remote unit with the 

radio hidden under the seat, etc. 

Full compatibility with the duplex mode. _ 

• Easy installation. Uses only one matrix 

Uses state of the art CMOS logic. position leaving the other 21 useable for 

Low power consumption. Less than 500 manual programming. 

Ma. * Automatically reads out your other 21 

. ....... . channels when they are used. 

RF immune. Unaffected by nearby 1 

equipment and in high RF areas. • Plugs into 9 pin accessory socket. 

Large LED display lets you see every * Adjustable scan delay feature, 
channel at a glance. • Low, affordable price. 


ONLY 


149 ™ 


Amateur Net 


SPECIAL PACKAGE PRICE 

BRAND NEW IC-22S AND 
SPECSCAN DIGITAL SCANNER 

Both for only s 398 00 




SPECTRONICS, INC. 

1009 GARFIELD 
OAK PARK, IL. 60304 
312848-6777 
TELEX 72:8310 


HOURS 

STORE HOURS: 

MonThurs 9:30-6:00. Frl. 9:30-8:00 
Sat. 9:30-3:00, Closed Sun. & Holidays. 
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■NEW 

products 


synthesized two-meter 
fm 



"The radio that goes where you do" 
is a feature of Wilson Electronics' new 
WE800 radio. The 800-channel, 2-meter 
portable synthesized radio has an inter¬ 
nal nicad battery pack which allows 
installation as a mobile in the auto¬ 
mobile or portable with shoulder strap 
and rubber duck. The unit provides 12 
watts output in service, or 2 watt out¬ 
put as a portable with the internal nicad 
battery pack or ten AA nicads). 

The WE800 has a low drain cmos 
synthesizer, with 45 milliamps on 
receive, and 450 milliamps on 2-watt 
transmit. Frequency range is 144-148 
MHz in 5-kHz steps, 600 kHz offset up 
or down. Subaudible tones are available 
as an option. For more information, 
contact Wilson Electronics Corporation, 
4288 S. Polaris, Las Vegas, Nevada 
89103. 

80-watt 450-MHz 
amplifier 



A new broadband, high efficiency 
four-mode amplifier for the 420- 
450 MHz amateur band has been intro¬ 


duced by VHF Engineering. This new 
amplifier, the Blue Line BLE 10/80, will 
deliver 80 watts output in either class C 
or linear mode with a nominal 20 watts 
input. It is designed to be used with fm, 
a-m, ssb, or CW rigs in the 10-watt class. 
A similar amplifier, the Blue Line BLE 
30/80, is designed to be used as an 
amplifier for rigs in the 30-watt class. 

The Blue Line series of amplifiers 
from VHF Engineering are high effi¬ 
ciency, broadband, stripline amplifiers 
which have been designed for long life 
and reliable operation. Because of their 
unique, broadband design, they contain 
no tunable or adjustable components. 
Tuning or adjustment will not be re¬ 
quired during the lifetime of the units. 
Automatic transmit/receive switching is 
provided through the use of sensing cir¬ 
cuitry which detects the modes. They 
are designed for 12-14 Vdc operation in 
base station or mobile service. 

These new four-mode Blue Line amp¬ 
lifiers are manufactured by VHF 
Engineering, 320 Water St., Bing¬ 
hamton, New York 13902. The BLE 
10/80 is priced at S289.95 and the BLE 
30/80 is S259.95. Both units are wired 
and tested. 

antenna rotor 
control conversion 
kit 

Have you had rotator damage? 
Removed the rotator? Waited for parts? 
No more! Autobrak is a complete con¬ 
version kit, including punched and 
finished cabinet for all HAM-M series 1, 
2, and 3, rotator control units. Auto¬ 
brak reduces the inherent problem of 
damaged rotator components due to 
instant brake engagement; it allows the 
antenna array to come to a coasting 
stop before brake engagement, thereby 
reducing stress on rotator components. 



Other features include zener-regulated 
meter circuitry, adjustable brake delay, 
and handsome up-to-date styling com¬ 
patible to most ham gear. The Autobrak 
is priced at S39.95 (plus shipping and 
handling, SI.75 in the United States). 
For more information write to Kampp 
Electronics, Post Office Box 43, 
Wheaton, Illinois 60187. 

vhf frequency counter 



Sencore, manufacturers of high 
quality test equipment for radio-TV 
service and communications, is offering 
a new FC45 frequency counter with 
continuous frequency checking capa¬ 
bility from audio through vhf (and uhf 
bands with an optional PR47 uhf pre¬ 
scaler). 

The FC45 audio through vhf counter 
is highly sensitive, with 25 millivolts 
average throughout the band, for circuit 
servicing with a pickup loop that does 
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not upset the circuit during frequency 
tests. The FC45 is highly accurate with 
a one part in one million tolerance, 
using a high-accuracy temperature- 
controlled oven. Accuracy is better than 
FCC requirements on all bands 
including uhf. An eight-digit display 
with all pushbutton action makes the 
FC45 extremely easy to use. An ex¬ 
clusive crystal checker is provided as an 
integral part of the FC45. The company 
has stated that the price of $395 is also 
far below any other vhf frequency 
counter on the market today; the 
optional PR47 prescaler, selling for only 
$125, is simply connected into the 
input cable and the FC45 readings mul¬ 
tiplied by ten. If used with any other 
frequency counter, a separate PA202 
Power Adapter at $9.95 is used. For 
more information write to Sencore, 
Inc., 3200 Sencore Drive, Sioux Falls, 
South Dakota 57107. 

ASCII keyboard 
encoder 


*->*<*••»** NB'C. far 

• x 



A new ASCII Keyboard Encoder is 
now available from Radio Shack in their 
popular Archer Project-Board kit form. 
With the Project-Board concept you 
purchase the printed-circuit board with 
a complete, step-by-step assembly in¬ 
struction manual and parts list. All 
necessary parts for the assembly of the 
ASCII Keyboard Encoder, including a 
63-key computer control keyboard, are 
available from Radio Shack, or the 
builder may use parts from his own 
junkbox. 

The completed keyboard encoder 
can be used to provide inputs to all 
types of equipment designed to operate 
with ASCII inputs, such as TV type¬ 
writers, minicomputers, micro¬ 
processors, electric typewriters, or any 
other devices which require positive or 
negative ASCII encoded alpha-numerical 
characters. 

Features of the Archer ASCII Key¬ 
board Encoder include a repeat key to 
control all characters and symbols, a 



DIRECTIONAL 
GAIN BEAMS 

• Direct 52 ohm feed 

• Rugged 

• Seamless aluminum 
construction 

...and high performance 
make for years of trouble 
free activity with any 


ANTENNAS 

146-220-440 MHz 


by GD CUS * 1Craft 



CUSHCRAFT FM Beam. 


POWER PACK 



OMNIDIRECTIONAL 
GAIN ANTENNAS 


CUSHCRAFT'S 

• Ringos 

• Rangers 

• Stacked 4-pole 
antennas are recognized 
world wide for their low 
angle of radiation, ease of 
assembly, and tremen¬ 
dous performance on all 
amateur FM frequencies. 
Regardless of the FM fre¬ 
quency, rely on Cushcraft 
to deliver 

"FULL QUIETING 

PERFORMANCE". 


DIRECTIONAL 
GAIN ARRAYS 

Stacked for increased perfor 
mance, CUSHCRAFT Power 
Pack arrays come complete. 
Ready for use when full quieting 
results are needed to access dis 
tant repeaters or long haul sim¬ 
plex contacts. 




IN STOCK WITH DISTRIBUTORS WORLDWIDE 




CORPORATION 


P.O. BOX 4680, MANCHESTER, N.H. 03108 
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the first 


€€T'e^\CjJ 

irst name I in solid state 


THE FM LEADER 


2 METER AS 220 MH Z Ud™ 
6 METER S£ZD 440MH z taMn* 


> 


FEATURING THE... 




HR-2B 



12 Channels 
15 Watts 

$22900 Amateur Net 


The Master in 2 Meter FM 

Positive performance at a 
practical price makes our 
HR-2B tops on 2 meters. 
Individual trimmer capacitors 
give bull's-eye accuracy for 
working repeaters or point-to- 
point. The ,35#iV sensitivity and 
Hi/Lo power switch insure your 
hearing and being heard . . . clearly 
and reliably . . . the Regency way. 


. ..AND THE 


» 



HR-440 


12 Channels 
10 Watts 


UHF—The Ultimate in FM 


440 is fresh . . . it's new . . . 
and with our HR 440 you can 
use UHF without using-up your 
budget. So, pioneer some new 
ground! Put a compact HR 440 
under your dash or at your desk. 
It's the best way to usher yourself 
into UHF. 


V^$34900 Amateur Net 






© 1976 




ELECTRONICS. INC. 7707 Records Street 

Indianapolis, Indiana 46226 


negative- or positive-going data valid 
strobe, latch outputs (stores last key 
code), shift and shift lock capability, 
true or false ASCII outputs, and six 
extra control keys. The encoder is able 
to handle an output of 833 characters 
per minute (cpm) and has a repeat key 
rate of 208 cpm. An external power 
source of 5 Vdc at about 500 mA is 
required to power the encoder. 

The Archer ASCII Keyboard 
Encoder Project-Board with complete 
assembly and parts manual is priced at 
SI4.95. All parts needed to assemble 
the encoder, including the circuit board, 
manual and keyboard, but excluding 
hardware and case, are available from 
Radio Shack for $57.80. Archer 
Project-Boards are available exclusively 
from Radio Shack stores and dealers in 
all 50 states and Canada. 


tape antennas 

Tualatin Valley Labs is presently 
manufacturing indoor antennas for two 
meters. Available is a three-element 
beam at S9.95, and a vertical, %-wave J 
pole design for $7.95. 

The antenna elements are made from 
% inch (2cm) wide aluminum tape 
designed specifically for rf applications. 
The adhesive backing on the tape is also 
conductive, allowing antenna connec¬ 
tions to be made without the use of 
solder. Installation can be on any flat, 
dry surface, such as walls, doors, or in¬ 
side closets. The tape alone is also avail¬ 
able for your own experimentation in 
10-foot (3m) lengths for $7.50 per 10 
feet; 25 feet and 50 feet lengths are 
available for $15.00 and $25.00 respec¬ 
tively. For more information, write to 
Pat Adamosky, Tualatin Valley Labs, 
18285 N.W. Parkview, Portland, Oregon 
97229. 


receive multi coupler 

Did you ever wish you had a way to 
use one antenna to feed two vhf 
receivers? Well, it's here! The P13 
Receive Multicoupler Unit, from Ham- 
tronics, Inc., is a dual-output fet pre¬ 
amplifier which provides low-noise gain 
and power splitting to drive two receiver 
inputs from one antenna. 

The unit gives about 15 dB of gain in 
each of the two channels. If desired. 
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outputs can be on somewhat different 
parts of the band with some reduction 
in gain. Standard models are available 
for any segment of the 26-230 MHz vhf 
range. 

Price of the P13 Receive Multi¬ 
coupler kit is SI 2.95. The P24 wired 
and tested model is $24.95, and the P50 
model, which is housed in a die-cast box 
with BNC connectors, is $49.95. 

For a complete catalog of vhf and 
uhf modules, send a self-addressed 
stamped envelope to Hamtronics, Inc., 
182 Belmont Road, Rochester, New 
York 14612. 

real-time clock 



Does your computer know what time 
it is? If not, you should add this new 
hardware peripheral from TED that will 
allow your computer to keep track of 
the time of day for control, timer and 
game applications. The Real Time Clock 
employs the latest cmos technology, 
resulting in high reliability, small size 
and low power consumption. The inputs 
and outputs are TTL-compatible and 
provide simple connection to your 
system with four wires from a parallel 
output port, ground, positive 5 volts, 
and positive 12 volts. 

The Real Time Clock may be used 
with any computer system and includes 
complete hardware and software docu¬ 
mentation and features crystal- 
controlled accuracy with a trimmer to 
allow exact frequency setting. Push but¬ 
tons allow rapid and easy time setting. 
The clock can be operated from a 
separate power supply or battery, 
permitting it to keep the correct time, 
even when the rest of your computer 
system is off. 

The crystal oscillator operates at a 
frequency of 3.579600 MHz and is 
divided by a factor of 59,600 to yield 
an exact 60-Hz frequency which is then 
applied to a digital clock chip 
containing the components to generate 


P.VJ- ^. 


130 WATTS ☆ 143-149 MHz 
Designed for Base Station 
and Repeater Operation 



☆ AM-FM-CW-SSB 


☆ Continuous Duty 

☆ + 13V Accessory Socket 

☆ 115/230V Operation 


☆ T/R Switch 

☆ Metered 

☆ Fully Protected 


1W input, 70W output, Model V71 - $329 
15W input, 70W output, Model V70 - $298 
25W input, 130W output, Model V130 - $389 




POWER 

LABS 


RF POWER LABS, INC. 

11013-118th Place N.E • Kirkland. Washington 98033 
Telephone: (206)822-1251 • TELEX No. 32-1042 
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your ears 
tell you 
there’s a 
difference 
with 
Kulrod 


Kulrod is a rptfisUTcd trademark of l«arsen Electronics 


Larsen Antennas 


11611 N E 50th Ave • P.O. Box 1686 • Vancouver, WA 9866.1 • Phone: 206/573-2722 
In Canada write to: Canadian Larsen Electronics. Ltd 
1340 Clark Drive • Vancouver, B.C. V5L3K9 • Phone: 604/254-4936 


the word’s out 


Just listen on VHF or UHF. Before long you’ll discover that 
the guy with the full quieting signal, the readable signal, the 
one that gets through best usually says: .. and I’m using 
a Larsen Kulrod Antenna.” 

This is the antenna designed, built and ruggedly tested in 
the commercial two-way field. It’s the fastest growing make 
in this toughest of proving grounds. Now available for all 
Amateur frequencies in 5 different easy-on permanent 
mounts and all popular temporary types. 

Make your antenna a Larsen Kulrod and you’ll have that 
signal difference too. Also good looks, rugged dependability 
and lowest SWR for additional pluses. 

FREE: Complete details on all Kulrod Amateur Antennas. 
We'll send this catalog along with names of nearest stocking 
dealers so you can get the full quieting "difference” signal. 


a six-digit 12- or 24-hour time display. 
The time information from the clock is 
transferred in BCD form to the 
computer, one digit at a time. The 
digit-select inputs determine which of 
the six digits representing the time is 
present on the BCD output pins. A 
short program in machine language or 
BASIC may be used to transfer the time 
information from the Real Time Clock 
to the computer. 

1C sockets are used for all of the ICs, 
and components are mounted on top- 
quality G-10 printed circuit board 
material. The unit is available in wired 
and tested form only, at a special intro¬ 
ductory price of $39.95 plus $0.75 
postage. Wisconsin residents please add 
4% sales tax. For additional informa¬ 
tion, write TED, Box 4122, Madison, 
Wisconsin 53711. 

two-meter frequency 
synthesizer 



VHF Engineering announces their 
new SYN II Synthesizer, a high-quality 
synthesizer designed for use in virtually 
all two-meter rigs available on the 
market today. 

The SYN II Synthesizer is designed 
to operate over a frequency range of 
140 to 149.995 MHz in 5 kHz steps and 
is compatible with two-meter equip¬ 
ment using transmit crystals in the 6, 8, 
12, or 18 MHz range, and receive 
crystals in the 15 or 45 MHz range. The 
synthesizer may be used with either fm 
or phase-modulated transmitters and 
with mobile or base transceivers. The 
SYN II features unique i-f programming 
which permits the unit to be used with 
receivers having i-fs in the range of 100 
kHz to 30 MHz. Detailed programming 
instructions are given in the construc¬ 
tion manual so that the builder may 
select the standard 10.7 MHz i-f or any 
other i-f frequency in the permissible 
range, permitting use of the SYN II with 
older commercial equipment as well as 
currently available two-meter units. 
Standard repeater offsets of +600 kHz 
and -600 kHz are provided, along with 
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three user-selectable offsets in 100-kHz 
steps, permitting the user to operate 
into standard repeaters or with unique 
offsets. A modification kit is available 
for MARS and CAP offsets. 

The synthesizer kit consists of high- 
quality epoxy-glass circuit boards, 
computer grade components, thumb¬ 
wheel switches, stylized cabinet, and a 
detailed construction manual. The kit is 
complete and requires no additional 
components. The SYN II is available 
from dealers nationwide or direct. The 
price of the kit is S169.95; wired and 
tested $239.95; programmed to your 
equipment $249.95. For additional 
information, write VHF Engineering, 
320 Water St., Binghamton, New York 
13902. 

transient voltage 
suppressors 



KESTER 


This is eosy- 
onyone con solder 


WITH 


KESTER SOLDER 


Handymen! Hobbyists! © 
DO-IT-YOURSELFERS! 


Let Kester Solder aid you in your home repairs or hobbies. For that household 
item that needs repairing — a radio. TV. model train, jewelry, appliances, minor 
electrical repairs, plumbing, etc. — Save money — repair it yourselt. Soldering 
with Kester is a simple, inexpensive way to permanently join two metals 

When you Solder go "First Class" — use Kester Solder. 



TRW has introduced a series of zener 
transient voltage suppressors (TVP) that 
protect circuits, systems, and equipment 
from voltage surges. The TVP1500 
series rapidly changes the impedance 
value from a very high standby value to 
a very low conducting value when sub¬ 
jected to high energy transients. It 
shunts potentially damaging effects by 
clamping the voltage at some predeter¬ 
mined level. 

The device features 1500 watts peak 
pulse power, a voltage breakdown range 
of 8.2 through 200 volts and a fast 
recovery time of approximately 1 pico¬ 
second. Series TVP1500, packaged in a 
polymer silicone case capable of with¬ 
standing temperature extremes to 
400°C, also has a reverse standoff 
voltage range of 6.6 through 171 volts. 
All the devices in the series are 100 per 
cent surge tested, and can be used in 
telecommunication, automotive, 
computer, and dc power supply applica¬ 
tions. The device is also available in 500 
and 1000-watt peak pulse power ratings. 

For more information write John 
Garnet, TRW Capacitors. 301 West “O" 
Street, Ogallala, Nebraska 69153. 


For valuable soldering information send self-addressed stamped envelope to 
Kester for a FREE Copy of "Soldering Simplified". 


ffl KESTER SOLDER 

Litton 4 201 WRIGHTWOOD 


AVENUE/CHICAGO. ILLINOIS 60639 



Name_ 

Md'fv. 

C.I* _ 
State 


Valley Instrument Products 

P O Box 339 Bartlett 1160103 


Ship VIP 60 (OftwnxMi kith) at S2V00 rath ptia 

IS kHz op'Mxtth) 


SI 00 packing and shipping Include 
at S3 00 each No COO v PlEASl 

lllmoii fevNlenh add vein !a* 

QCheck on money wdr* to* S 
□ Chetfe m» VISA HanhAme<icaid » 

i>d fipwr. ufittjfuii* 


*120 

channels 

with 

15 kHz 

Split 

Option 


You Cel Thm 94 Ffequenon 
Tie Yiofieinmed in the Contemon 

144 01 144 14 146.12 14714 147.69 

144 04 144.17 144.14 147.10 147.77 

144.07 144 40 144.14 147 71 147.74 

144 10 140 41 144.91 147.24 147.71 

144.11 144.41 144.94 14727 147JI 

144.14 144 44 144 07 147 10 147.14 

144.19 144.47 14700 147.1] 147.17 

144.22 144 70 147 01 147.14 147 90 

144.29 144.71 147 04 147 19 147 91 

144 21 144 74 147 09 147 40 147 94 

14411 144 79 147.12 147 41 147 99 


15 kHz Option 

Install the VIP 60 switch in place of the original 22 
channel switch in your IC-22S and you II hove the 
56 pre-programmed frequencies listed plus any 
four additional frequencies you wish to program 
for yourself. Add 1 5 kHz splits with split option. 

Fast, simple and clean conversion 
UH makes a tine transceiver oven better 

■■Valley Instrument Products 

P O BO\339 BARTLETT ILLINOIS 60103 (312) 741 8820 
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NEW! 6 METER FM50-10SXRII 


Same specitications as above eicept transmit/receive 5! 00 53.995 MHz GOO channels 
___ Introductory Pnce $389.00 


■ FREQUENCY RANGE: Receive 144 00 to 148 995 MHz. 
5KHz steps (1000 channels) Transmit 144 00 to 
148 995 MHz. 5KHz steps (1000 channels) + MARS 
CAP ° 

■ FULL DIGITAL READOUT: Sir easy to read LED digits 
provide direct frequency readout assuring accurate 
and simple selection ol operating frequency 

•AIRCRAFT TYPE FREQUENCY SELECTOR: Large and 
small coaxially mounted knobs select lOOKHz and 
lOKHz steps respectively Switches click stopped with 
a home position facilitate frequency changing without 
need to view LED S while driving and provides the 
sightless amateur with full Braille dial as standard 
equipment 

• FULL AUTOMATIC TUNING OF RECEIVER FRONT END. 

DC output of PLL ted to varactor diodes in all front 
end R F tuned circuits provides full sensitivity and 
optimum mtermodulation rejection over the entire 
band No other amateur unit at any price has this 
feature which is found in only the most sophisticated 
and expensive aircraft and commercial transceivers 

• TRUE FM: Not phase modulation - for superb em 
phasized hi fi audio quality second to none 

• FULLY REGULATED INTEGRAL POWER SUPPLIES: 
Operating voltage lor all circuits, i e 12v 9v and 
5v have independently regulated supplies 12v regu 
lator effective in keeping engine alternator noises 
out and protects final transistor from overload 


•MONITOR LAMPS: 2 LEDS on front panel indicate 
(1) incoming signal channel busy and (2) unlock 
condition of phase locked loop 

• DUPLEX FREQUENCY OFFSET: 600KHz plus or minus 

5KHz steps Plus simplex any frequency 
■ MODULAR COMMERCIAL GRADE CONSTRUCTION: 6 

unitized modules eliminate stray coupling and facili 
tale ease of maintenance 

• ACCESSORY SOCKET: Fully wired for touch tone 
phone patch, and other accessories 

•RECEIVE: 25 uv sensitivity 15 pole filter as well as 
monolithic crystal filter and automatic tuned LC 
circuits provide superior skirt selectivity ^d 

• AUDIO OUTPUT: 4 WATTS. Built in speaker ^ 

• HIGH/LOW POWER OUTPUT: 15 watts and 1 watt, 
switch selected Low power may be adjusted 
anywhere between 1 watt and 15 watts, fully pro 
teded - short or open SWR 

• PRIORITY CHANNEL: Instant selection by front panel 
switch Diode matrix may be owner re programmed 
to any frequency (146 52 provided) 

•DUAL METER: Provides S reading on receive and 
power out on transmit 

• OTHER FEATURES: 

Dynamic microphone mobile mount external speaker 
lack and much, much more Size 2‘i x 6 ‘j x 7 1 ? 
All cords plugs fuses mobile mount microphone 
hanger, etc., included. Weight: 5 lbs. 


I: 6 
cili 

■ 
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NEW! Rfi||/ni/1 

FM144-10SXRII BgilVUIVI 

All Solid State-PLL digital synthesized — No Crystals to buy! 5KHz steps — 144-149 
MHz-LED digital readout PLUS MARS-CAP.* 

• 5MHz Band Coverage — lOOO Channels (instead of the usual 2MHz to 4MHz — 
400 to 800 Channels) • Priority Channel • Audio Output 4 Watts *15 Watts Output 

• Unequaled Receiver Sensitivity and Selectivity — 15 POLE FILTER, MONOLITHIC 
CRYSTAL FILTER AND AUTOMATIC TUNED RECEIVER FRONT END - COMPARE!! 

• Superb Engineering and Superior Commercial Avionics Grade Quality and Con¬ 
struction Second to None at ANY PRICE. 








SUMMER SPECIAL 
FM144 10SXRII 

J 3$ 

VALUE $599. 

Regulated AC/PS 
Model FMPS-4R... $49.00 


ENCODER/ 

DECODER 

SCIZ* 1Z CHANNELS DU*l TONS 
Introductory Puce $119 00 


Touch Tone 
Pad 

MODEL FMTP 1 
$59 00 


Manufactured by one ol the world's most distinguished Avionics manutacturers. Kyokuto Denshi Kaisha. Ltd 
^ First in the world with an all solid state 2 meter FM transceiver. R 

S AMATEUR-WHOLESALE ELECTRONICS ■=§ 

8817 S.W. 129th Terrace, Miami, Florida 33176 corona nj 

Telephone (305) 233-3631 • Telex: 51-5628 PLEASE ORDER FROM YOUR LOCAL Si'iirwlSr* 
U S. DISTRIBUTOR DEALER OR DIRECT IF UNAVAILABLE. 


Regional Sales A Service Centers 
Northeast Buzzards Bay Electronics 
Buzzards Bay. Mass 
East: Sanford Communications. Inc. 
Coionia. N J. 

West Consumer Communications. Inc 
Seattle. Wash 

r-yiT7ii y 
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NEW! 

FMSC-2 SCANNER 

FOR KDK _ . 

FM-144 O™ 


14 CHANNEL PROGRAMABLE 
INTRODUCTORY PRICE $99 


NEW! 7400 SCANNER 

FOR 7 

KENWOOD I ^ J 
TR-7400A | 

14 CHANNEL PROGRAMABLE 
INTRODUCTORY PRICE $99 


•NEW 

$39.95 

• 

NEW" ADD 
S CHANS (TOTAL 10) 
TO SRC I4&A 


• Simpl* 10 mm mtlallalion 

• Sam* color a«d quality at SRC 146* 

• Complain, WI«fD i UStfO 

• ALSO mib r ailh mott oth«i hand 
hold, SW «b 


ATLAS COLUNS REGENCY. 
DENTRON BRIMSTONE CUSH 
CRAFT BIRD STANDARD 
KLM HYGAIN KENWOOD TEMPO 
MINI PRODUCTS MIDLAND VHF 
MARINE EIMAC ICOM AMMCOM 
CIR ETC - PLEASE WRITE FOR 
QUOTE 



He* 


AM/FM ANALYZER 


© SIGMA 
AF-250L 

• INTRODUCTORY PRICE 

$199 

■DEVIATION MODULATION 
METER 

TM 0-20 KHl AM 0 100% 
• FREQUENCY 18MH/-520MH; 



■ SIZE 5'?"(hi» I0V'(w) 
. 7Y'(d> WEIGHT 7 lbs 


STANDARD 
TRANSCEIVER 
MODEL SRC-146A 

m NEW' 

■81 nrw <ouch torn mo 

■ J COMPlEllliWIWOl 
■■ HLIDI TOPI UG IN SSI 00 

■ VPlI'l HSMM81' 


ALSO MODEL AF 251LW WITH BUILT IN 125 WATT 
CALIBRATED WATT METER & DUMMY LOAD PRICE »289 
PLEASE WRITE FOR COMPLETE INFORMATION 


wt'N' TWO NEW SCANNERS! 

FMSC-1 SCANNER forkdkfmi44 AND 
7400 SCANNER II for Trio Kenwood TR-7400A 


I STANDARD ' 

NEW 7 METER FM 
TRANSCEIVERS 
Model SRC I46A 

SPECIAL SALE! 

•SRC146A $?9I 

• 4 XTAl S 34 94 
AND 94 94 I 

•USA?DELUXE BASE 
margeR $40 

• PT 3844 l EAlHER CASE $10 

• AU9 RUBBER ANT WHIP \b 
• Nl CADS _S30 

'ouch totii no REGULAR $<84 
coiifcfmtwmfOi OUR RtiClDr 

KAD» VOntftitlMW 


O tlw iwtapeniablt BIRD 43 
THRUllNE WATTM{ TER 
f AUTHORIZED 

& BIRD DISTRIBUTOR 

*/ Pleaee write Io» tpanal deal 



PLEASE WRITE FOR SPECIAL BONUS 

AND PACKAGE OFFERS 


NEW! 



SIGMA 

XR-3000D 

LINEAR 

AMPLIFIER 


INTRODUCTORY PRICE $789 

2 DAY AIFI SHIPMENT ANYWHERE IN U S $35 ALASKA AND HAWAII SLIGHTLY HIGHER 

• FULL BAND COVERAGE 160-10 METERS INCLUDING MARS 

• 2000 WATTS PEP SSB INPUT 1000 WATTS INPUT CONTINUOUS DUTY, 

CW. RTTY AND SSTV 

• TWO EIMAC 3-500Z CONSERVATIVELY RATED FINALS 

• ALL MAJOR HV AND OTHER CIRCUIT COMPONENTS MOUNTED ON SINGLE 
G-10 GLASS PLUG IN BOARD HAVE A SERVICE PROBLEM? (VERY UNLIKELY) 
JUST UNPLUG BOARD AND SEND TO US 

• HEAVY DUTY COMMERCIAL GRADE QUALITY AND CONSTRUCTION SECOND 
TO NO OTHER UNIT AT ANY PRICE! 

• WEIGHT 90 lbs SIZE 9V»"(h) x 16"(w) x 15 V(d) 

FEATURES 

CUSTOM COMPUTER GRADE COMMERCIAL COMPONENTS CAPACITORS AND TUBE 
SOCKETS MANUFACTURED ESPECIALLY FOR HIGH POWER USE - HEAVY DUTY IdKW 
SILVER PLATED CERAMIC BAND SWITCHES • SILVER PLATED COPPER TUBING TANK COIL 

• HUGH 4" EASY TO READ METERS - MEASURE PLATE CURRENT HIGH VOLTAGE GRID 
CURRENT AND RELATIVE RF OUTPUT • CONTINUOUS DUTY POWER SUPPLY BUILT IN • 
STATE OF THE ART ZENER DIODE STANDBY AND OPERATING BIAS PROVIDES REDUCED 
IDLING CURRENT AND GREATER OUTPUT EFFICIENCY • BUILT IN HUM FREE DC HEAVY 
DUTY ANTENNA CHANGE-OVER RELAYS • AC INPUT 110V OR 220V AC 50-60H* • TUNED 
INPUT CIRCUITS • ALC-REAR PANEL CONNECTIONS FOR ALC OUTPUT TO EXCITER AND 
FOR RELAY CONTROL • DOUBLE INTERNAL SHIELDING OF ALL RF ENCLOSURES • HEAVY 
DUTY CHASSIS AND CABINET CONSTRUCTION AND MUCH MUCH MORE 


AMMCOM 

S 2 25 TWO METER 
SYNTHESIZED VHF FM 
TRANCEIVER 



Ml 


• 25 watts output 

• 600 kHz and 1 MH/ offsets built in 

• Please write for complete information and 

SPECIAL INTRODUCTORY PACKAGE PRICE 


ACCESSORIES FOR KDK FM 144 

FMPS4R Regulated AC/PS 

FMTP 1 Touch Tone Pad 

FMTP ? Touch Tone Pad with 10 Number 

Programable Memory 
FMMC I Microphone with Built in 
Touch Tone Pad 

FMTD I Private Call Decoder for use with and 
Programed by Any Touch Tone Pad 
SC 1?A Audible Tone Encoder Decoder 
FMSC 1 Scanner - Random Any Range 

FMSC ? Scanner Programable 14 Channels 

MARS CAP' Option Kit - Any Frequency 
Any Split 

FM0F-1 Otlset Option Kit - ? 

E«!ra Positions Crystals Required 
FM0F 2 - 1 MH/Offset Option Kit 

(No Crystals To Buy) 

TMTE 1 Sub Audible Tone (100 H/ 

Adiustable 6/ ?03 H/) 

f MAT 1 '? Wave Portable Antenna tor Hotel 

Motel or Apartment 
Eitra DC Cord & Plug 
ACC Socket 5 Pin Dm Plug 
Owners Manual (Extra) 

Service Manual 
Mounting Bracket < Eitra) 


Out crew 

S I GREGORY WA4KGU 
Owner Gen Mgr 
JIM MAGGIO Mgr W8CXI 
S f GlICKMAN WB4HFJ 


AMATEUR-WHOLESALE ELECTRONICS 

8817 S.W. 129th Terrace. Miami, Florida 33176 

COURTEOUS PERSONAL SERVICE-SAME DAY SHIPMENT • Price* aub|#ct to Chang* without nolle* 
TELEPHONE (305) 231-3631 • TELEX 51 5628 • STORE HOURS: 10-5 MON -FRI 


mm 
war 


More Details? CHECK-OFF Page 126 
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POLY PAK'S IS THE “BARREL KIT KING" OF THE WORLD! 


t»ak7 exclusive 


SURE¬ 

FIRE 



WAY TO FIGHT 


yy. 

Avg. Ship. 
I Wt. 6-ozs. 


. Test ‘em yourself r rf save! Includes 100% material, too! INFLATION! ^fiack kit carries a money-back guarantee! 


t Buy 

( 10 





150 for 
SI.98 . 


BARREL KIT «19 9 
MOLDED CAPACITORS 

75 

$1.98 7H3311 

Asst, size voltages, red, 
green, yellow, blue plastic 
cases, axial leads. 1 lb. 



BARREL HIT #145 BARREL KIT tfl44 /> 

MINI RCA PHONO PLUGS/*! 

TRANSFORMER^ 4 Q fof JJ.gg (J 

15 for dilfll 1,000,000 RCA phono plugs 

S4 QQ . for this one. You hi-fi-ers 

**■»? 0 know wut they are . . . 

100® material. 7H3J93 



BARREL KIT »S3S BARREL KIT #12* 
MICRO MINI LAMPS |MINI DIP ICS / 

20 for y^ lOOfor $1.98 f/If 

fff Q 0 ~_JD5^<WLarge mfgr dumped 100's ol 
^Ab 570 - j lbs into barrels. Includes 

Imagine! Micro size < Ve *' 74 Is, LM-380-8, 703. 567, 
Ve) with wire lends. 3 to 555, 558—but who knows? 
5 VDC, 4 0 mils. 7H3259 W* 1 lb. 7H 3245 hobby 



BASIC 


Designed for the economy-minded. Includes: 
all components except for transformer, case a* 

4DIGIT 

FLOURESCENT ^*^89 ■ 

□ $9.95 

•1.57" Bright Blue Digits 

The brightest deck madel \ ’XS* “p ‘S 

readouts. Includes famous MM5316 clocK cn»P a 

* ° h ' e C „ 0 erhobbitf“2 Tour 3:.p*lay b (2j 

hour C cycle), AM-PM indicator. Options include clock 

&.*itw”« 12 1 i, 

Cat. No. 7H3792 Compon.nta for Alarm Opih j a 2- » 

Same famous design as our 
KRONOS BEEPIN' 

TIME MACHINES! ' .. 

6 DIGIT • beeper^%T> V 

__ ALARM 

u $12.95 • .35" LED RED DIGITS 

Easy and lun to build! 6 digit display time In bout., 
minutes and seconds. 12 hour format, 2 4 hour cycle. 

7 minute snooze. Uses famous MM5 37 5AB nnd a ™mi- 

available, write or call for information. Wt. 8 ° za - . 

Cat. No. 7H3793 « »>*» *-«> •lw» c,<M:h ba * ,c Wt * 

COMPLETE KIT: includes case, transformer 
and line cord. Cat. No. 7H35Q7.□__] 




4 DIGIT ] 

ALARM CLOCK BASIC, ex- 

cept with .5" digits, dis- Of* S 

plays hours and minutes, 1 

blinking colons Indicate sec- *(Kl I * 

onds. Wt. 8 ozs. Cat. No.|7H37«4 

COMPLETE KIT: includes case, transformer, 
and line cord. Cat. No. 7H3S07.DiSIS.SS 


Poly Paks Inc® Wakefield, Mass., U.S.A. 1977 




100 B9 july1977 


Twmi: Add postajce Rated: net 30 S/ 

Phon* : Wakefield, Mass. (617) 246-3829 pi 

Retail: 16-18 Del Carmine St.. Wakefield, *-* ' _ 

POLY PAKS 1— 

P.O. BOX 94aH LYNNFULP.MA. 01940 


MINIMUM ORDER — fS.OO 

More Details? CHECK-OFF Page 126 
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market 


i 


RATES Non-commercial ads 10« per 
word; commercial ads 60« per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser¬ 
tions of hamfest ads pay the non¬ 
commercial rate. 

COPY No special layout or ar¬ 
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include full name and 
address. We reserve the right to reject un¬ 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor¬ 
rected ad in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio. Greenville. N.H. 03048. 


OSL'S CATALOG 30« RTTY paper *Vi inch roll while, 
case of 12. $23 00 plus shipping PO Box 11184, Phoenix. 
AZ 85061 _ 

QRP TRANSMATCH with Preamp for HW7 Ten-Tec 
Send stamp for details to Peter Meacham Associates. 19 
Lorreta Road. Waltham Mass 02154 

TELEVISION CAMERA, new with zoom lense, 2:1 In¬ 
terlace. ALC-S149 or swap for DMM or 2M transceiver. 
W6DOM. 6017 Majorca Ct.. San Jose. CA 95120 (408) 
997-0132 _ 

CANADIANS 1,000.000 surplus parts Bargains 
galore Free catalog Etco-HR Box 741, Montreal, 
H3c2v2 

FOR SALE: National Radio Co. HRO 500 receiver Brand 
new condition. In original carton Cost $3000 Best offer 
Kipling Vandenberg. 4902 Indiana Ave . Fort Wayne. IN 
46807(219) 456-4222 

PORTAPAK the accessory that makes your mobile real 
ly portable $67 50 and $88 00 Dealer Inquires In¬ 
vited PO Box 67. Somers. Wise 53171 

4-WATT OUTPUT 40 meter solid-state transmitter. $92 
Has built-in power supply and PIN diode TR switch. 
W7ANF. 425 E Fillmore St.. Tempe. AZ 85281 

RADIO MUSEUM now open Free Admission 15,000 
pieces of equipment from 1850 telegraph Instruments to 
amateur and commercial transmitters of the 1920's. 
Amateur station W2AN Write for Information Antique 
Wireless Assn.. Main St.. Holcomb, N Y 14469 

VARIABLE AND TRIMMER CAPACITORS - RF chokes 
— Mlnlductors; stocked for immediate shipment First 
class stamp for flyer D 4 V Radio Parts. Rt #2. Freeland, 
Michigan 48623 

OSL — BROWNIE W3CJI - 3035B Lehigh. Allentown. 
Pa 18103 Samples with cut catalog 50( 

BECKMAN/BERKELEY counter manuels Most Models 
$5.00 each postpaid W9AMZ. 2009 Hop!. Mount Pros¬ 
pect. II60056 

NEW 4 Varactor. 3-translstor UHF TV tuner Tunes thru 
440 MHz for A TV or repeater applications $7 95 ppd 
Workshop. Box 393H. Bethpage. NY 11714. 


NEW 60/600 MHz 7-diglt portable frequency counter, bat¬ 
tery and or electric $299 00 500 MHz prescaler - 10 or 
- 100 $59 95 CBSE. Box 1356. Cocoa Beach. Fla 32931 


PRESCALER BOARD for 650 MHz 11090, Dec 75 hr 
board, instructions, parts source. $3 00 Also CSJ 
counter boards $15.00 (see 76 Flea Market) RTC Elec¬ 
tronics. PO Box 2514. Lincoln. NE 68502 

FIGHT TVI with the RSO Low Pass Filter For brochure 
write- Taylor Communications Manufacturing Company. 
Box 126. Aglncourt. Ontario. Canada. MIS 3B4 

RUBBER STAMP. name/call/OTH $2 50 ppd (CA 
residents add tax). LWM Press. Box 22161. San Diego. 
C A 92122 

HT 100 — Wanted Also pre 1935 QST's wanted Al 
Blank, W1BL. 727 Pine St.. Bristol. CT 06010 

TELETYPEWRITER PARTS, gears, manuals, supplies, 
tape, toroids SASE list Typetronlcs. Box 8873. Ft 
Lauderdale, FL. 33310 Buy parts, late machines 

BUY — SELL — TRADE Write for free mailer Give name 
address and call letters Complete stock of major brands 
new and reconditioned equipment Cali for best deals 
We buy Collins-Drake-Swan-Etc SSB 6 FM Associated 
Radio, 8012 Conser. Overland Park. Ks 66204 
913-381 5901 

HELP FOR YOUR NOVICE, general, advanced ticket 
Recorded audio-visual theory Instruction. Free informa¬ 
tion Amateur License Instruction. P O Box 6015. Nor¬ 
folk. Va 23508 

HOMEBREWERS — We are your Oneida Electronics 
distributor Free part list, write Tommy. WD4EKJ. Comm- 
Tech. 104 North Third. Richmond. Ky 40475. 

WIRE DIPOLE CUTTING CHART & notes on installation 
Chart covers 2 meters through 160 meters Helpful In¬ 
formation $1.00 ppd WE Schroedter. 6108 N Sherman 
Blvd . Milwaukee. Wise 53209. 

EXCLUSIVELY HAM TELETYPE 23rd year. RTTY Journal, 
articles, news. DX. VHF, classified ads Sample 35« 
$3.50 per year Box 837, Royal Oak, Michigan 40868 

SALE: CX-7. $900 2K 3. $575. GLB Synthesizer — still A 
kit $75 KAAR 2 mtr. 6 channel, 100 watt mobile, brand 
new. never used. $150 HT220, 2 channel, pi case, 
touchtone. charger. $325. Kraft 2 channel RC. $75 Kraft 
5 channel RC. $200 Gonset 100 watt 2 mtr mobile amp 
$75 LA area pick-up Egbert. 17333 Tramonto. Pacific 
Palisades. CA 90272 

FERRIC CHLORIDE. Liquid 40% Board etching grade 
Pints, quarts, gallons Send SASE Bob's Electronics. 
Box 393 H. Bay City. Ml 48707 

CASH for your ham gear Beacon Comm , 
617267 1975 

FREE Catalog Solar Cells. Nkcads, Kits. Calculators. 
Digital Watch Modules. Ultra onics gstrobes, LEDS 
Transistors. IC’s, Unique Components Chaney's. Box 
27038. Denver. Colo 80227 

WANTED: old keys. Navy.RR etc . also old microphones 
K4NBN. Del Popwell. 1946 Sweetbriar, Jacksonville. Fla. 
32217 

TRANSMITTER TECHNICIANS — Voice of America has 
opportunities for qualified technicians at VOA stations 
In California. North Carolina, and Ohio. Duties include 
operations/maintenance of high power shortwave 
transmitters and related facilities on shift basis 
Minimum qualifications 3-years broadcast chief 
engineer 5 to 50 KW. or 3-years supervisor of opera¬ 
tions/maintenance high power military transmitting 
plant, or equivalent U S. citizenship required Salary 
$15-19.000 Submit standard government application 
form. SF-171 to: VOA Personnel Office. Code 05-77. 330 
Independence Avenue. S W . Washington, D C 20547 
AN EQUAL OPPORTUNITY EMPLOYER 

STOP LOOKING For a good deal on amateur radio equip¬ 
ment — you've found It here — at your amateur radio 
headquarters in the heart of the Midwest We are factory- 
authorized dealers for Kenwood. Drake. Collins. ICOM, 
Ten-Tec. Atlas. Regency, Tempo. Swan. Midland. Alpha. 
Standard, Dentron. Hy-Galn, Mosley. Cushcraft. and 
CDE, plus accessories Thousands of thrifty hams from 
coast to coast already know us and we Invite you to join 
them by wrlttlng or calling us today for our low quote 
and trying our personal and friendly Hoosler service 
HOOSIER ELECTRONICS. P O Box 2001. Terre Haute. 
Indiana 47802 (812V238 1456 


CRYSTALS - S A S E my list. K8LJO. 355 Mower Rd . 
Pinckney. Mich 48169 

MOTOROLA HT220, HT200. and Pageboy service and 
modifications performed at reasonable rates WA4FRV 
(804) 320-4439. evenings 

RECONDITIONED TEST EQUIPMENT for sale Catalog 
$ 50 Walter. 2697 Nickel. San Pablo. Ca 94806 



REPEATER AUTO PATCH 

It's complete — a single digit access/discon¬ 
nect Auto Patch facility. All you need is a 
repealer and the phone line. Complete with 
automatic disconnect, dial-in capability, two 
way audio monitor plus remote control. When 
used with a rotary dial exchange, Data Signal's 
DPC-221 dial converter is also required P.C. 
board or Rack Mount available. 

RAP-2 PC $99.50 Rack $149.50 



DATA TONE TO DIAL PULSE 
CONVERTER 


Convert standard 0-9 Data Tone digits to Bell 
System compatible dial pulse code. Completely 
solid state. Includes state-of-the-art Phased 
Locked Loop anti-falsing Data Tone decoder, 
large capacity 64-digit memory and solid state 
pulsing. Starts dialing on first incoming digit. 
Memory will not become congested due to 

rapid succession of incoming digits. Cancel and 

redial function. * and # digits are decoded 
and provided for remote control purposes. 
Available as p.c. board or rack mounting. 
DPC-221 P.C. Board $219.50 

DPC-221R Rack Mount $299.50 



DELUXE C MOS P.C. KEYER 


Complete C-MOS keyer in kit form, or wired, 
just right for your custom enclosure. Versatile 
controls allow wide character weight variations, 
speeds from 5 to 50 w.p.m. plus volume and 
tone control. Solid-state output switching saves 
power, eliminates all those annoying relay 
problems and is compatible with both grid 
block and solid-state circuitry. With Its side- 
tone monitor and 90 day warranty the Data 
Signal PC Keyer is the one for you. 

C MOS Keyer Wired $24.95; Kit $19.95 



Send for Free Catalog 

DATA SIGNAL, INC. 


2403 COMMERCE WAY 
ALBANY, GA. 31707 
912-883-4703 


More Details? CHECK-OFF Page 126 
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OVERDESIGNED 

UNDERPRICED 

A COAXIAL 
n COLINEAR 
ANTENNA 
FOR VHF-UHF 
COMMUNICATIONS 

4 r DB GAIN OVER 
■3 REF. DIPOLE. 

While this figure does not 
appear large in number we 
unlike many other manufac 
turers will not quote gain 
figures over isotropic or 
ground plane vertical, as we 
do not feel such figures 
represent true antenna gam 
performance 

FEATURES 

• 1 KW FM CAPABILITY IN 
ADVERSE WEATHER CON¬ 
DITIONS. 

• LOW LOSS ONE PIECE CO 
AXIAL ELEMENT WITH IN¬ 
TEGRAL CONNECTOR ELI¬ 
MINATES AGING LOSSES 
•ALL ELEMENTS DIRECTLY 
DRIVEN. DOES NOT DE 
PEND ON PHASE VELO¬ 
CITY COUPLING FOR CO- 
LINEAR OPERATION. 

•TRUE MAJOR LOBE RA 
DIATION AT 90 DEGREES 
FROM ANTENNA PLANE, 
MAXIMUM HORIZONTAL 
SIGNAL STRENGTH. 

• BROADBAND OPERATION 
AT 50 OHM IMPEDENCE: 

2 MHZ BANDWIDTH AT 1 
TO 1.2 SWR OR LESS: 5 
MHZ BANDWIDTH AT 1 TO 
1.5 SWR OR LESS 

Complete: ready to install, 
including all hardware, just 
plug in and operate. 

FREQ. RANGES: 

MODEL 10 FM.147 MHZ 

•MODEL 10.140 MHZ-175 MHZ 
•MODEL 11 .175 MHZ-400 MHZ 
•MODEL 12 .400MHZ-520MHZ 

•SPECIFY CENTER FREQUENCY 


Prepaid Orders shipped 
transportation paid in USA 
and Canada 



Phone (603) 2 24 -OS77 
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DISCOUNTS — KLM, Larsen. Brimstone. Stereo 
Systems. Police Monitors, etc Catalog available 
Bankamericard & Mastercharge 201-962-4695 Narwid 
Electronics. 61 Bellot Road. Ringwood. N J 
07456 

TRAVEL PAK QSL KIT — Send call and 25c receive your 
call sample kit In return Samco. Box 203. Wynantsklll. 
N Y 12198 

FREE: COLLINS PM 2 power supply and MM 1 
Microphone when you buy my fb condx KWM 2A for 
S1150 Round emblem, no trades John. K4GBL. (912) 
8837373 

2 METER CRYSTALS. S3 50 each, for all popular rigs In 
Stock Immediate delivery Send cash or money order, 
we pay postage Rolln Distributors. P.0 Box 436. 
Dunellen. N J 08812 

TRANSMITTING TUBES. HV and filament xfmrs. rotary 
Inductors, transmitting capacitors Send stamp for flyer 
T S Marinich Electronics. 102 Bell St.. Weirlon. W Va 
26062 

SB 200 Mint spare tube S250 00 W2JYL. Long Island. NY 
516 261 1824 

SAVEI BEARCAT SCANNERS S259 95 New ER 
Brooks Guns. 6612 Eastern Ave . Bell Gardens. CA 90201 
(213) 773-5193 

RYCOM 21 74A VLF receiver 0 420kHz. rack mounl. A C 
power, $65 00 JERROLD 602 Sweep Generator. 4 112 
MHz; $35 00 Includes manual & UPS surlace shipment 
Both good condition MO only D McMillan K7RKU. PO 
Box 1042. Astoria. Oregon 97103. 

MOBILE IGNITION SHIELDING provides more range 
with no noise Available most engines Many other sup 
pression accessories Literature. Estes Engineering. 930 
Marine Dr. Pori Angeles. WA 93862 

P.C. DRILLS carbide *67. 60. 52. $2 25 ea 3/$6 P P R&R 
Assoc . 12827V* Washington Bl, L A . Cal 90066 

POWERFUL. ADJUSTABLE. REGULATED, three output 
power supply and 900 easily removable pans in com¬ 
plete CARTRIVISION television recorder electronic 
assembly with documentation Perfect for 
MICROPROCESSOR. 1C. transistor, television. CB radio 
applications $21 45 Free brochure MADISON ELEC¬ 
TRONICS. INCORPORATED 369. D77. Madison. 
Alabama 35758 SATISFACTION GUARANTEED 

TELETYPE EQUIPMENT for beginners and experienced 
operators RTTY machines, parts, supplies Beginner's 
special Model 15 Printer and demodulator $13900 
Dozen black ribbons $6 50; case 40 rolls 11/16 perf tape 
$17 50 FOB Atlantic Surplus Sales. 3730 Nautilus Ave 
Brooklyn. N Y 11224 Tel (212)372 0349 

MOBILE BONDING STRAPS under 50c each Literature 
Estes Engineering. 930 Marine Drive. Port Angeles. 
Wash 98362 

CASH for any Collins unit. 618T. 490T. modules, parts, 
accessories Air Ground Electronics. P O Box 416. Kear 
ny.N J 07032 

FERRITE BEADS: w/speclflcation and application sheet 
1CV$1 00 Assorted PC pots 5/$1 00 Miniature mica trim 
mers. 3-40 pf 5/$1 00 Postpaid Includes latest catalog 
Stamp for catalog alone. CPO Surplus. Box 189. Brain¬ 
tree, MA 02184 

WANTED: Swan TV2B — Two meter transverter with 50 
M C IF Price 0 Richard Mollentine. WA6KKC. 7139 Har 
dy. Overland Park. KS 66204 

THE “CADILLAC” of QSL's! New! Samples $1 00 
(Refundable) - MAC'S SHACK. Box *1171-0; Garland. 
Texas 75040 

WANTED — Heath SB 620. Hammarlund HQ-140 & 
HQ 180. Autek OF 1 Will pay cash or swap Rider's 
Radio. Sams Photofacts, receiving tubes, or magazines 
Donald Erickson. 6059 Essex. Riverside. California 
92504 714-687 5910 

VERY interesting' Next 4 Issues $1 "Ham Trader" 
Yellow Sheets, Sycamore. IL 69178 

MODERN CODE PRACTICE. 0 22wpm on four 60 min 
cassettes. $10 Royal. P O Box 2174. Sandusky. Ohio 
44870 

FOR SALE: SB-110A with HP 23 A Six meter SSB/CW 
transceiver Excellent condition U Ship $250 00 Price 
is firm Bob. WB4HJN. Lot *8. Ledbetter Trailer Park. 
Auburn. AL 36830 


ALDELCO SEMI CONDUCTOR SUPERMARKET 
RF DEVICES 


7N3375 3W400MM/ 

550 

7N60B0 4W 175 MH/ 

5 40 

7N3866 1W 400 MM/ 

99 

7N60H1 I5W 175 MM/ 

8 45 

2N5589 3W 175 MM/ 

4 75 

7N608? ?5W 1 75 MM/ 

10 95 

7N5590 10W 175 MM/ 

7 80 

7N60B3 30W 1 75 MM/ 

12 30 

7N559I 75W 175 MM/ 

10 95 

7N60B4 40W 1 75 MM/ 

16 30 

7SC517 

3 95 

7SCI307 

525 

7SC1770 

1 75 

7N4477 

1 35 

7SC1306 

4 30 

7N5109 

705 


NOW NEW IMPROVED DIGITAL ALARM CLOCK KIT »W* • 

Mmutet • Second* displayed on m BIG OS Fairchild 7 Segment 
Display LEDS 1?hou> Iwnul 24 hnut jU«m «>|h in no/* faalu** 
plot elapsed lime irtdiciloi end lealute Eig7‘t peg** of 

pictorials and imliucliwit NEW o« ImmhI puwn Himlixmi' end 
O'cud'v lo* optional i>nw bav* milh simulated mood gre>n cabinet 

173 95 

12/74 Hour Clock Kit Si. big S LEDS bee/e leeliwe enth timuhrtad 
wood cetxrwl *73 95 

Simulated Meek coveted dock cabinet S4 95 


NOW OPEN - AL0ELC0 COMPUTER CENTER - book* 

maga/inet, km. boatd* & support chips 


OK hand wht wap too* liW 

OK batte*y pone* e*ia*w i<m4 U4 05 

*>.••«.«.*«•*> Specie! $*99 


ZENERS 

IN/46 to lN759 400Mwea 75 


7N78/6RCARF SI0 95 

MPSAI4 90 

7N 3055 99 

MPF 107 FET 5b 

7N3904 m 7N3906 10 99 

MJ3055 7 20 

MJE 340 I7N5655! SI 10 

406/3 RCA FET SI 55 

741 ©• /09 P.n DIP 75 

555 T .met 75 

VMF Feci.tr Beach 15 Si IX) 
700 Volt 75 Amp Buck* SI 50 

1N9I4 1N4I4B 15 100 

1N34 1N60 1N64 10 lot 99 


1N4778IO 1N4764 1 w 78 

CA 3078ADif Amp SI 50 

HO HO A $19 95 

LM309K Volt Reg 1 10 

7N5401 95 

71L07 1 Bio* SI 7 5U 

7N6I03 89 

7 Amp 1000 Volt Reg 10 $100 
7N6103 16 Amp 10 770 90 

l M 709 »' LM74I M.n Dip 45 

lM741 Cot T05 0P Amp 45 

14 o* 16 Pm 1C Sockets 30 

MP5A 13 (SPS5700I 80 

We hn* 7400 ietre» IC» tend 

ttamp fie catalog 


MV «mX* e» *■) dee* a at *i( 4iAi »% mw-e Mr .«.*»• 

St- 00 Ovt Itf USA mt Oil'IiM Oer * «• Money Ode* »*n 'wde Fwlte 


mmm 


2281H Babylon Tnpk., Merrick. NY 11566 
<5161 378 4555 


Govt. SURPLUS 
ELECTRONIC 
EQUIPMENT 

CATALOG 


New ITEMS . . . New BARGAINS! 

FREE UP0N RE Q UEST! 

If you haven't received our new Cata 
log, write for free copy today Address: Dept. HR 


FAIR RADIO SALES 

1016 I. EUREKA • Box 1105 • LIMA, OHIO • 45802 


PONY EXPRESS HAMFEST 

yffuA, JULY 29-30-31 

i Tk • to •“ 3*6- 

l RftS’ ST JOSEPH. MO 64502 >, l 

. LOCUTION: MISSOURI *tST«« STATE C0UI6E ' - -J 

DOWU IMCt U 00 NIGHT 
MEALS AVAILABK — CLOM 
MAKING rOM RVt $J 00 NIGHT No Hook Up 

tOUA »OA KYI HE A MARKET PAI HEGIStRAtlON $.’00 DOO** $.50 
TALK IN I46ZS8S l LASV ACCESS 129 US M. 


SST T-1 RANDOM WIRE ANTENNA TUNER 

AH bend operation 1160 10 meteni art It 
moot any ' •niton' length »vn# 200 matt 
output pone cepabtl-iy Ideal *o* pc < labia 
o» homo epa* abort To«oid ■nOuCint to> 
tmoil wt 3 > 4 1 4 t J J/| Built «n neon 
tune u© indicator SO 739 coa« connector 
Gue> an teed »o* I v 1 10 dev «*iel Compact 
eeiv 'o um only $29 96 postpaid lAdd 
5e(e» la. mCaht I 171313 76 5887 

SST ELECTRONICS. P0 BOX 1 LAWNDALE CA 90260 
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SEND FOR FREE COMPLETE MAIL ORDER CATALOG 



SST T-l RANDOM WIRE ANTENNA TUNER 

All band operation must tor Field Day Size 

(160-10 meters with most 2 x 4-1/4 x 2-3/8. Built-in 

any random length wire. neon tune-up indicator. 
200 Watt power capa- Guaranteed for 90 days 
bility. Ideal for portable Compact — easy to use. 
or home operation. A Only $29 95. 


COAXIAL SWITCH SELECTOR CHART - BARKER 8. WILLIAMSON. INC. 


I Connector 

Outputs PlKomont 


WOA M 00 
550A 1 12.50 


Aatei I'HOtAX swti* Cmuntt*"oi»rt«l 

output tutml _ 

PHOTAi twiKh C'OKntJiiiiMcnttwtrti*} 
■•wtput o'Cml twlth potation ground* 


Spot. <*' 7 po** 2 txiul-nn stent I h ui*tl to 
wviic* A* de«.<v ■« o» out o» t»'-n 

mnottKin m «!)«■■* i n» ‘j« io»o»t 

Rreciet ont« »o# w«" mount.** u* *«!•*• 
co*n#tt» twi'hn _ 


Groundtell Iitivt omt*d Output «>»Cu*t 


Ground* «n •acapt w«tM output fiV 


1 * 



<0 ¥ 


160 10 AT 
supertunertm 

Warn .m antenna tune* to 
match everything between 
160 and 10 through bal 
.meed line, coax line and 
random line Super 
tunerTM ,j the one for you 
at just $129.50 
160 10AT 3K 

SUPER SUPERTUNERTM 
Designed and engineered to 
be compatible with the 
full power highly efficient 


% 


DENTRON 


modern amplifiers now 
nvailable to the amateur. In 
our opinion the finest 
tuner on the market today 
$229.50 
8010AT 

SKYMATCHERTM 

Here's an antenna tuner for 
80 through 10 meters, 
handles full leQal power 
and matches your 52 ohm 
transceiver to a random 
wire antenna 80 10AT is 
yours for only $59.50 


SLINKY! r 

A LOT of antenna in a LITTLE space 
New Slinky® dipole* with helical 
loading radiates a good signal at 1/10 
wavelength long! 

^ 'paitni bo ijti9j20 

•» """»««• 


•ill-4 H tm CHI n VII 

si mi f 

i <m tiu 


IA, VA4\I\,\ Ml 

• TVt * ,m ' 'MMI (Ml '• (At 

<m i mu, ~ 

re cii 


• t | IIH1 tit 


«lblU !¥»•'(• t*W .*«|tJ» 


• Thi»«taciMcaM» wnaifBO 7 b 40 A 20 meter antenna operates 
at any length from 24 to/0 reel • no eit«a baiixi or uansmaich 
naarled • portable-erect* A stora* >n fmnuli* • small 
anoughloMman.t or aparimani • full fagai pu*«* • iomSWR 

over corr^>iata SO 7b 40 A 20 meter bands • muc n lower almo 
spherK. no«*e pickup man a verl*cai and needs no rad>ais • *<t 
•nciudes a pair of apeoeily made 4-*och da by 4-inch long 
coda, containing 335 teat of radating conductor baton SO ft 
ROSS Ifcoa* Pi2S3 connector nylon rope A instruction man 
uai • now m use by US Dept ut State US Army radio school* 
plus thousands o« hams the world ove* 


. sSOfllRR 

TWO METER < 

CRYSTALS IN STOCK 


Novice Crystals 
(Specify Band Only) 

/Tvubart 


TWO METER ^<T ^ 1 

\ CRYSTALS IN STOCK m0\N' 

Standard • Icom • Heathkit • Ken • "220 

Clegg • Regency •Wilson • VHF Eng .. n . 0 (0\8 H v \ 

a Drake • And Others' N '° \n StoCK 

$4.50 @ Lifetime Guarantee 


at 

NQ^oavsw'* 

.tola 


( Larsen Antennas 

( I ) ) to tit Any Mobile Unit 

K Larsen Antennas 

Magnetic Mount or Gutter Gamp 5/8 wave $38 50 
Specify. 2 meter*. 220. 450 1/4 wave $18 50 


3/8’’ tingle hole mount 


MODEL 104R 

NPC 6 Amp Power Supply 
Regulated 
Solid State Dual 
Overload Protection. 

A- 

Converts 11$ volts AC to 13 6 volts 
OC i 200 millivolts Handles 4 
amps continuous and 6 amps max 
Ideally suited lor applications where 
excellent OC stability is important such as CB transmission small Ham 
radio transmitter and high quality eight track car stereos Can be used to 
trickle charge t? voll car batteries 

MAXIMUM tvriCAl 

Output Voltage 13 A • 2 VDC 13 6 • 3 VDC 

Ime/load Regulation 20 mV SO mV 

Ripple/Noise 2 mV RMS S mV RMS 

transient Response 20 uSec 

Current Continuous 4 Amp ajq nr 

Current limit 6 Amp p4»/.yD 

Current Foldbach 2 Amp 

Case 3 |H||S iWi ■ 6 <Di Shipping Weight 6 lbs 



power 

by -i 




TriM for an Economy Price? 
r THAT'S RIGHT! 

introducing the ECONO-LINE 

Modal Input Output Typ***t Fisqusnty P'*ca 

702 S70W S0 90W 10 m TOoul t«JI49MMr S13V00 
7026 t 4W 60 SOW 1 in'70oul 143 14« MHi $169 00 

Now get T PL COMMUNICATIONS 
quality and reliability at an economy 
price. The new Econo Line gives you 
everything that you’ve come to expect 
from TPL at a real cost reduction The 
latest mechanical and electronic construe 
tion techniques combine to make the 
Econo Line your best amplifier value. 
Unique broad band circuitry requires no 
tuning throughout the entire 2 meter band 
and adjacent MARS channels. See these 
great new additions to the TPL COMMUN 
ICATIONS product line at your favorite 
amateur radio dealer 

For prices and specifications please write 
for our Amateur Products Summaryl FCC 
type accepted power amplifiers also avail 
able Please call or write for a copy of 
TPL s Commercial Products Summary. 



TUFTS 


209 Mystic Ave. 


Medford MA 02155 
(617 ) 395-8280 

New England's 
Friendliest Ham Store 


Master Charge 8. BankAmericard accepted on most orders. 


Name 

Gail 


City 

Statp 

Zip 

Order: 




FREE Gift With Ever^ Order! QQ 


ALL SALES FINAL ! 


Open 9 AM to 9PM 

Mon.-Fri. 

Sat Q.F 

Prices FOB Medford 
MA All units can be 
shipped UPS. MA 
residents add 5% sales 
tax. Orders over $1200 
deduct 5%. Add $3.50 for 
shipping & handling on 
all orders. 


More Details? CHECK-OFF Page 126 
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The popular 
CUA 64-12 
by Heights 


Light, 

permanently 

beautiful 

ALUMINUM 

towers 

THE MOST IMPORTANT 

FEATURE OF 

YOUR ANTENNA 

IS PUTTING 

IT UP WHERE 

IT CAN DO 

WHAT YOU EXPECT. 

RELIABLE DX — 

SIGNALS EARLIEST IN 
AND LAST OUT. 

ALUMINUM 

Complete Telescoping 
and Fold-Over 
Series available 
Self-Supporting 
Easy to Assemble 
and Erect 
All towers mounted 
on hinged bases 

And now, with motorized options, you 
can crank it up or down, or fold it 
over, from the operating position in 
the house. 

Write for 12 page brochure giving doz¬ 
ens of combinations of height, weight 
and wind load. 

ALSO TOWERS FOR WINDMILLS 

HEIGHTS 

MANUFACTURING CO. 

In Almont Heights Industrial Park 
Almont, Michigan 48003 


flea market 


RTTY: E-51 AFSK generator — wide/narrow shift — 
wired/tested — $24 95 — kits available Stamp for Info. 
Com — Tech Electronics. P O Box 73. Rensselaer. N Y 
12144 

TX62 2/6M/AM/CW (75W) $55 00 AM1178/432MC 
Trlpler/AMP (250W) HB/PWR $125 00 1330 Curtis St.. 
Berkeley. CA 94702 

Coming Events 

MEMPHIS IS BEAUTIFUL IN OCTOBER! The Memphis 
ARRL sponsored Hamfest. bigger and better than the 
4.500 who attended last year, will be held at State 
Technical Institute. Interstate 40 at Macon Road, on 
Saturday and Sunday October 1 and 2 Demonstrations, 
displays. MARS meetings, flea market, ladles flea 
market, too! Hospitality room. Informal dinners. XYL 
entertainment, many outstanding prizes Dealers and 
Distributors welcome Contact Harry Simpson W4SCF, 
PO Box 27015. Memphis. TN 38127 for further infor 
mation _ 

550 AMATEUR RADIO CLUB FLEAMARKET Sunday 
August 28. 1977, 9-5pm Oakland American Legion Hall 
Oak St. Oakland. N J Admission $1. Tables $3. Tailgate 
$2 Talk In - WR2AHD. 146 49-147 49. 146 52 Dealers 
Inq Invited Beverages available For further Info, con¬ 
tact 550 A R C , PO Box 364 Oakland. N J 07436 Or call 
Rick Anderson. WB2QOQ. 201 684 8569 

BETTER THAN EVER — 1977 EDITION Golden Spread 
Hamfest and Flea Market- Holiday Inn West Amarillo. 
Texas Aug 12. 13 8 14 Six big tech sessions Commer 
cial exhibits Family recreation Two Hospitality Hours 
Big pre-registration prize and super Grand Prize, others 
$3 00 advance. $4 00 at door For Info pre-registration 
packet. P O Box 10221. Amarillo. Texas 79106 

MELBOURNE. FLORIDA. SEPTEMBER 10-11. The 12th 
Annual Melbourne Hamfest will be held Saturday and 
Sunday, from 9am to 5 p m each day In the aircondl- 
tloned Melbourne Civic Auditorium located on Hibiscus 
Boulevard. Donation is $2 50 per person Full program in¬ 
cludes forums, meetings, auction, swap tables, commer¬ 
cial exhibits, awards, prizes, etc Contact K4HPT. 2749 
Herlord Road. Melbourne. FL 32935 for swap table reser¬ 
vations FCC exams on Saturday, donation not needed 
for exams Form 610 must be filed with FCC. Room 919, 
51 SW First Avenue. Miami. FL 33130. not later than 
August 31. 1977 Hamfest talk-ln on 25/85 and 52/52. 
Sponsored by Platinum Coast Amateur Radio Society. 
For more Info write P O Box 1004. Melbourne. FL 32901 

HARRISBURG ARC HAMFEST - Monday July 4 Indian 
Echo Park. 2 miles West of Hershey Admission $3 00 
Sell no charge 

FLORIDA: The BOLD CITY HAMFEST sponsored by the 
Jacksonville Range Association will be held at the 
Jacksonville Beach Auditorium AUGUST 6-7 Vacation 
at our Hamfest - FLORIDA’S FRIENDLIEST - Visit 
our special 'SOLAR' and QRPp' forums Send request 
for Information and tables to HAMFEST COOR 
DINATOR. Jacksonville Range Association. P O BOX 
10623, Jacksonville. FL 32207 For Motel reservations 
call RAM ADA INN toll free 1^00^28 2828 

ELMIRA. NY annual Hamfest Saturday. Sept 24 
Chemung Co. Fairgrounds Flea Market. Dealer 
Displays. Tech. Talks. Talk-In 10/70 and 146 52 Advance 
tickets $2 At gate $2 50 Write WA2SMM. 320 West Ave . 
Elmira. NY 14904 

CEDAR LAKES (W VA) HAMFEST on August 14 A Flea 
Market, food and recreation Talk-in on 146 52 and 31/91 
The call Is WD8JNU Space for commercial displays Is 
available Located 3 miles off 177 at Ripley W Va. at the 
site of the Arts and Crafts Fair For more Info contact 
WB8TJA. P O Box 631. Ravenswood. W Va 26164 or call 
304 2733190 

INTERNATIONAL VHF FM GUIDE - the finest repeater 
directory/licensing guide ever 1977 edition covers 
Europe. Australia. Canada and South Africa. Only $3 by 
air from Q3UHK. Julian Baldwin. 41 Castle Drive. 
Maidenhead. SL66DB. England 

NORTH ALABAMA HAMFEST will be held Sunday 
August 21. at Calhoun Community College In Decatur. 
Alabama For Information write North Alabama Hamfest 
Association. P O Box 9. Decatur, Alabama 35602 

THE ST. CHARLES Hamfest. August 28. 1977 at Dier- 
manns Lake. 4 miles south of OFallon, Mo on highway 
K. will be bigger and better with improved facilities 
Prizes. Ilea market, dealers refreshments and plenty of 
parking Tickets still $1 00 For advance tickets or info 
sase to Dan Corbin, 1512 Sundowner. St Charles. Mo 
63301 


TEST EQUIPMENT 

AH equipment listed is operational and un 
conditionally guaranteed- Money back it not 
satistied equipment bemq returned must be 
shipped prepaid Include check or money order 
with order Prices include UPS or motor freight 
charges 


BOONTON 190A Q mtr 30 200mHz S425 
BOONTON 202 E AM FM sig gen 

54 216mHz .425 

DEI TDU 4 30mHz videodisplay 55 

GR I001ALF sig gen 5kHz SOmHz 385 
HPIOOER Freqstand 05parts/mil 
Outputs 10.100Hz; 1,100.100kHz 155 

HPI60BIUSMI05) !5mHz scope with 
reg horiz, dual trace vert plugs ... 325 

HP166B(Mil)Delay sweep for above 130 

HP170AIUSM140 ) 30mHz scope witn 

reg horiz, dual trace vert plugs .475 

HPI75A SOmHz scope with reg 

horiz, dual trace vert plugs.565 

HP185A Sampling scope to I gHz 

I86B xstr rise time plug.585 

HP202B LF Osc 5Hz 50kHz lOv out . 75 

HP205AG Lab audio gen .02 20kHz .195 

HP2I2A Pulse gen .06 SkHzPR R .65 

HP524D Freq counter basic range 
10Hz lOmHz extends w/plug ins 195 

HP540B Transosc to 17.4gHz tor 
use W/HP524 tyoe counters . 145 

HP616 Sig gen 1 8 4gHzFM CW 365 

HP686 Sweep gen 8 2 12 4gHz sweep 
range 4 4mHz 4 4gHz 495 

HP803A VHF Ant bridge 50 500mHz 135 
SOLITRON 700A SCR tester all 

functionsw/scope output . 135 

Tek!81 Time mark scope calib.55 

Tekl90 Sig genlconst ampl) 50mHz 125 

Tek536 HmHz X Y scope uses 

two letter series plug ins .295 

Tek565 Dual beam lOmHz scope 

less plug ins (3 series) ..625 

TSSOSStd VTVM (r« 500mHz). 65 


For complete list ot all test equipment 
send stamped, sell addressed envelope 

GRAY Electronics 

P.O.Box 941, Monroe, Mich, 48161 

Specializing in used test equipment 


NO COMPROMISE! 

_i 1 


ULT R A-BAL 2000 


T w 

ANTENNA BALUN 


• Full 2KW, 3 to 30 MHz, 1:1 or 1:4 
ratios. 

• Special TEFLON insulated wire 
windings. 

• May be used with tuned matching 
lines or antenna tuners. Withstands 
accidental high VSWR, great for 
antenna experimentation. 

• Built-in hang-up and dipole center 
insulator, 

• Totally weatherproofed by encapsu¬ 
lation, silver plated SO-239 coax 
connector input, and brass terminal 
output. 


Balance your antenna, end radiation 
from coax, improve beam patterns, 
and lower receiving noise pick-up. 
Free literature upon request. 

Available at your dealer 
or order direct: 

ONLY $11.45 ppd. (specify ratio) 

K. E. ELECTRONICS 

2931 Unit F West Central Ave. 

Santa Ana, Calif. 92704 
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think of yourself as an 

antenna expe 


you select your components! 


Get optimum performance band 
for band Choose from medium 

or high power resonators tor_ 

your favorite bands 


For convenience, use the 
Hustler stainless steel 
resonator spring, 
and special design quick 
disconnect. 


Fold over, 360° swivel mast for 
quick band change or easy 
garaging Select from two 
versions, fender/deck or bumper 
mount location 


Get exceptional reports, 
broadest bandwidth, 
lowest SWR Use with any 
convenient length 50 ohm 
coax Matching devices 
not required. 


Stainless steel ball mount, 180° 
adjustable, commercial duty for 
superior mechanical and electrical 
performance 


. • .and you’ll mobile 
with the experts’ foremost 
Choice. . . vv wm 


Get fixed station reports from 
your mobile—operate 6-10-15- 
20-4075 or 80 meters with the 
experts and join the vast 
majority using Hustler for nearly 
two decades. 


Model BM-l \ 
Bumper Mount 


the home of originals 


Model SSM-2 Ball Mount 


Available from 
all distributors 
who recognize the best. 


Standard 
Resonators 
RM 

400 Watts PEP 
Super 
Resonators 
RM(S) 

2 KW PEP 

Greatest Bandwidth 

Hustler ilesigna ate patented under one or more ot the 


Model MO-2 
For Bumper 
Mount 
Location 


neuu-tronics 

corporation 

15800 Commerce Park Drive 
Brookpark Ohio 44142 
(216) 267-3150 


Model QD~ t 
Quick Disconnect 


Model L-14-240 
Mil Spec 

50 Ohm Feedline 


Model MO-1 
For Deck or 
Fender 
Location 


Model RSS-2 
Resonator Spring 


HUSTLER ANTENNA PRODUCTS tor smteen 


years original design* created and manufactured following assigned lo New Tronic* Corporation 3267732 

by American ingenuity labor and material* used by 351347? 3419869 3873986 3327311 3599214 3582951 

communicator* throughout the world 




BI SYN-FILTER-TONE TAG 

See HR mogoi>ne article* on Nov ‘75 and ‘76 



o o o 


Model 1100 - 13 1C op amp*. 4 frantitfott, 10 diode* 
on 4 PC board*. 3X6 3/8 X 8 Inc he* deep 

TONE-TAG provide* you with on excellent method lot 
fighting QRM -- ony CW tignol toned to produce a 
750 * 50 Hi beatnote i* modulated by a tone that it 
derived and procetted from the tignol ittelf. Signal* 
above and below the TONE-TAG bondwidth remain 
unmodulated, thut readability it greatly enhonced 
At.,the tame fimo, the BINAURAL SYNTHESIZER chan¬ 
nel* tignalt above and below the 750 Hi crott-ovcr 
frequency to the right and left tpocially (ttereoheod- 
»ett or tpeahea ore uted). Finally, to make a triple¬ 
header. a 4 pole, 150 Hi pre-filter with continuoutly 
odjuttable tkirt* it included 

THREE TECHNIQUES ARE SELECTING FOR YOU! 


. . . AND NOW - 



Binaural Synthetner 


THE 

NEW 

ONE 


Model 700 - 7 1C op ompt, 6 diode* on ? PC board* 

7 7/8 X 4 X 7 inche* deep 

Connection to your receiver'* headphone or tpeater jock 
imonou'ol) it all that it required for tignal input. Tent 
to hundred* of millivolt* of audio tignal it all that it re¬ 
quired. Symmetrical limiting take* ploce on tignalt above 
anominal 1 volt input. 

Model 1100 tuppliet output* for ttereo *peokert - 1/7 
Watt PEP per channel and a jock at reduced power for 
ttereo heodtet*. Model* 400 ond 700 provide output* 
that con drive tlondard ttereo heodtet* directly - 
or odd amplifier* to dr no tpcaket*. 

PHONE MEN - the ttereo tytlem and variable tkirt con¬ 
trol work well on voice. To borrow o phrase It ha* 
pretence I 


Model 400 - The original Binaural Synthetiier 

utet 2 eoch 9 volt batteries S29.95 ppd 

Model 700 - Binaural Synthetiier with TONE-TAG 
u*e* 7 eoch 9 volt batteriet $44 00 ppd 

Model 1100 - Binourol Synthti/er-Filler with TONE- 
TAG u*e» 8 economical "D" cell* - 

Let* batteriet $86.00 ppd 

An economy AC option that utet a wall tromforme* plot 
a volfoge regulator internal to the Model it available 
for any of the model* fitted - odd $10.00 

We ttill supply PC Board* plain or assembled. Write 
for brochre* ond list 

Californio resident* odd state tax 

Guarantee? Our tell esteem demondt you» satisfaction 
- The very belt 


HILDRETH ENGINEERING 
BOX 60003 Sunnyvale CA 
94088 (408) 245 3279 


flea market 

HAMFESTERS 43rd Annual Picnic and Hamfest Sunday 
August 14. 1977. Santa Fe Park. 91st and Wolf Road. 
Willow Springs. Illinois. Southwest of Chicago. Exhibits 
for OM's and XYL's. Famous Swappers Row Tickets at 
gate $2 00. advance $1 50 For advance tickets send 
check or money order to Bob Hayes W9KXW. 18931 
Cedar Ave, Country Club Hills. Ill 60477 

FORT WASHINGTON. PA August 14. 1977 The Ml Airy 
VHF Radio Club (the Packrats) are holding their annual 
family picnic In the Flourtown area of the Ft 
Washington State Park on Sunday, August 14, 1977 (rain 
date 21 August) Talk-in via W3CCX/3 on 52.525. 146 52 
and 222 98/224 58 MHz 

THE CARY AMATEUR RADIO CLUB will hold Ihe 5th an 
nual. Mid-Summer Swapfest. Saturday. July 16. 10 00 to 
3 00 at the Cary Lions Club Shelter (near Raleigh) Auc 
tlon at 1 00 No commissions or selling fees Registra¬ 
tions for prizes Info CARC. Box 53. Cary. NC 27511 
Talk In on 28/ 88 

CENTRAL STATES VHF SOCIETY 11th Annual Con 
ference. August 19. 20. 21 at The Brockenridge Inn. Kan 
sas City, Missouri Information from Orville Burg. Ill 
K5VWW 

ANNUAL UTAH HAMFEST and steak fry July 16th. at 
Saraloga resort Saratoga is located between Salt Lake 
City and Provo on Utah Lake Swap tables, CW contest, 
homebrew contest. Oscar demo, womens activity, steak 
fry and many more ham games On grounds camping is 
available with lodging near by Registration is $2 00 for 
UARC members. $5 00 for non-members and $1 00 for 
children under twelve Registration includes choice 
steak, discount on rides, hot dog for kids, drawings and 
all other activities 9:00 am til after dark Talk-in on 16/76 
For more info contact John Dehnel c/o The Utah 
Amateur Radio Club. 1547 Redondo. Salt Lake City. Utah 
84105 

WARREN. OHIO. HAMFEST — August 21. 1977 Moved 
again! Trumbull K.S.U. Branch Campus on Route 45 at 
Warren Outerbelt Best site in our 20 years. Bigger flea 
market, all close-in parking; parks & lakes nearby 
Displays, talk-in. $2 door prize registration Arrowsigns 
lead from 180 190. Ohio 5 11 45 Details? OSL: 
Hamfest, Box 809. Warren. Ohio 44483 

WESTERN PENNSYLVANIA - The 40th annual Hamfest 
of the South Hills Brass Pounders and Modulators will 
be held on August 7. 1977, from noon till 6 00 PM at St 
Clair Beach. Upper St Clair Township. 5 miles south of 
Mt Lebanon, on Rte 19 Swap and shop, picnic space 
and swimming for the family Mobile check-in on 29 0 
and 146 52 Information and pre registration at $1 50 per 
ticket ($2 00 at door) from Rich Eckenrode. WB3AAC. 
1410 Bellaire Pi. Pittsburgh. Pa 15226 Vendors must 
register. 

THE “ORIGINAL FM HAMFEST" sponsored by the Fori 
Wayne Repeater Association. Incorporated of Fort 
Wayne. Indiana will be held on AUGUST 7 This function 
has been moved to bigger and better grounds — In¬ 
cluding 5.400 square feet of exhibit area (air conditioned) 
and acres of flea market Location of Hamfest Allen 
County Police Department Reserve Center. 3022 Easter- 
day Road, Fort Wayne. Indiana Talk-In WA9EAU on 
16/76. 52/52 and 52 525 Write K9LSB for further 
information 

CHARLES TOWNE HAMFEST. Charlestown. S C July 9 
& 10th. 1977 Saturday July 9th the Charles Towne 
Hospitality Room will be at the Heart of Charleston 
Motor Inn starting at 7:30 PM Sunday July 10th the Flea 
Market and Swapfest will be at the Galllard Municipal 
Auditorium starting at 8 AM Complete details by writing 
to. Charles Towne Hamfest Committee. Box 4555. 
Charleston Heights. S.C 29405 

“GREATER LOUISVILLE HAMFEST Is Sunday Sept 25. 
1977 at Kentucky State Fairgrounds with exits off either 
1-65 or I 264 Indoor exhibitors area and Flea Market air 
conditioned. Also an outdoor flea market Ladies Bingo. 
Meetings and Forums, refreshments available. Admis 
sion is $2 00 adults, 12 and under free Flea market 
venders pay admission price plus $2 00 per space Indoor 
or $1 00 per space outdoor For more Info or motel/camp¬ 
ing contact Denny Schnurr. K4GOU 2415 Concord Dr.. 
Louisville. Ky 40217(502^34-0619) " 

ILLINOIS. Hamfest. Sunday. Aug 14 at Santa Fe Park 
(near Chicago). 91st & Wolf Rd . Willow Springs Prizes, 
displays, swapper's row. games, clowns, refreshments. 
Info from Vincent D. Pronites, WA9EOM, 8131 S 
McVicker Ave . Burbank. IL. 



has the words 

QUALITY, 

QUANTITY... 


EVERYTHING FROM A TO Z IN ELECTRONICS 


YAE8U 



YAESU 
HF SS8 
FT 101E. 

160 thru 10M 

S729. 


$ KENWOOD 




KENWOOD 
T ransceiver 
TS 820 
160 thru 10M 

$830. 


Era ICOM 


ICOM 
T ransceiver 
2M FM 
1C 22S 

$299. 


CTC UHF/VHF 

POWER TRANSISTORS FOR AM A TEUR USE 
J101 UNDERWOOD CAPACITORS 


DirACt * Check or M.O with order 

2 Bank Amentard or Mastercharge 
3 E’Z *rojr^ j q q p (2Q‘\ deposit, p/easel 


Writ* for 
FREE brochure* 
and particular* 
on all moddi. 


Webster 

radio. Inc. I 


2602 E Ashlan. Fresno. CA 93726 / Ph (2091224 5111 


MILITARY 

SURPLUS WANTED 


Space buys more and pays more High¬ 
est prices ever on U S Military sur¬ 
plus. especially on Collins equipment 
or parts We pay freight Call collect 
now for our high offer 201 440-8787 
SPACE ELECTRONICS CO 
div oi Military Electronics Corp 


35 Ruta Court. S Hackensack. N J 07606 


ELECTRONIC KEYBOARD CABINETS 



TWO $IZIS 


14 83 3 $1350 

14 113 3 $14 50 


MANY OTHER ELECTRONIC 
COMPONENTS AVAILABLE 

NuDuta Electronics 

!•<« lautti ti aouxi raosMct uiixoit toot* 


K-ENTERPRISES 

Frequency Counters Power Supplier 

Prescalers Amplifier! 

Marker & Peaking Frequency 

Generators Standards 


Write for Free Catalog 

Box 410 (N.W. of town) Fairland, OK 74343 
Phone: 918-675-3752 


DIPOLE /ANTENNA CONNECTOR 



’> MVE QUC HQ I) dipole tonne, lor 
' Nxt (O.H SO 239 vxkrt molded into 
glat* filled pi.sttK body to accept 

<oa» Pt plui on feedline Drip 

cap keep* con Idling* dry Inttrwc 
Uttn\ n>< lulled Guaranteed Al you) 

-lejlen Of JJ.9S postpaid 

pan ion m«ulatt>r* Z/t-99 


BUDWIG MFC. Co.™ 


Ho. 97M. Ramona. CA 9706S 
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ICOM 


IC-245 

146 MH/ FM 10 W 
TRANSCEIVER 


■f- 

ffi cushcraft 

The big signal (22 element array) 

$499 00 SAVE $70.00 


IMMEDIATE DELIVERY 
SHIPPING PREPAID IN USA 


MASTERS ?*“ 
COMMUNICATIONS 


7025 N. 57th DR. 
GLENDALE. AZ 85301 


PHONE 

602-939-8356 


TRANSFORMERS 

American made, 115V Primaries: 

6.3V, 1 Amp, Shielded $1.80 ea. 

12V, 250 mils, for P. C. Board. $1.66 ea. 

12 volt Vi amp. $2.05 ». 

12V 1.2 Amp $2.84 ? 

12V, 3 Amp $4.48 


% WATT. 5% Resistors, Full leads, im 
ported. 75. 220, 390, 430, 820, 1.5K, 2K. 
10K, 15K, 22K, 39K. 82K, 120K. 220K. 
?70K. 33/$1.66 

One Value 100/$4.15 

_ Assorted Values 100/$4.55 

NEW PC. POTS — »/ 4 W by Piher 
Vert. Mt. 2501.’ w/screw slot drive. Hori¬ 
zontal Mt. 1001* & 10K hex slot drive. 

20o ea. — 6/S1.00 


UNIT METER 


service. (Instruc. A schematic Incl.) 

TR 91 _ output 450V, 120W, 270MA DC. 

$9.88 ea. 

TR-98 — output 1500V. 12MA DC. $8.15 ea. 

SEND STAMP FOR BARGAIN LIST 
PENNSYLVANIA RESIDENTS - ADD 6% 
ALL ITEMS PPD. USA 


> 3000 MFD 
O 30 Volt 

_ * Capacitors. 

. Dia. x 3” — 90 r ea. or 3/$2.25 
3000 MFD @ 20V Capacitors. Same size 
as above._80f‘ ea. or 3/$2.00 


PRE-AMP 


HIGH GAIN • LOW NOISE 

35dB power gain, 2.5-3.0 dB N.F. at 150 
MHz 2 stage. R.F. protected, dual-gate 
MOSFETS. Manual gain control and pro¬ 
vision for AGC. 4 3 /*" x 1%" x 1%* alum¬ 
inum case with power switch and choice 
of BNC or RCA phono connectors (be 
sure to specify). Available factory tuned 
to the frequency of your choice from 5 
MHz to 250 MHz with approximately 3% 
bandwidth. Up to 10% B.W. available on 
special order. 

N. Y. State residents add sales tax. 

Model 201 price: 5-250 MHz $29.95 


Vang 


"The measurements 
made at the EMCO 
facilities in Austin, 
Texas would indicate 
that the Antler Model 
A-280 2-meter antenna 
closely approximates an 
ideal antenna"' 


"It can be further stated 
that the average VSWR is 
less than 1.3 without mak¬ 
ing any attempt to op¬ 
timize this figure."* 


'Certification test report by EMCO ap¬ 
proved testing facilities for compliance 
testing as required by the F C C 


196-23 JAMAICA AVE. 
HOLLIS. N. Y. 11423 


antler 


ANTENNAS 

MCM Mfg. COMPANY 

6200 South Freeway Fort Worth, Texas 76134 
81 7/293-7533 / Out of state / call 1 -800-433-2524 Toll Free 
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That's what you get from Sentry. 
The most reliable precision, com¬ 
mercial and general purpose AT 
crystals you can buy. Sentry com¬ 
munication crystals are made from 
the finest quartz using the latest 
state-of-the-art technology. That 
means frequency stability AND 
longer reach. Then we vacuum-plate 
each crystal with 99.999% pure gold 
... for long life and dependability. 
Whatever equipment you have, 
Sentry can give you the crystals 
you need . . . fast. We have the 
largest correlation file in existence 
. . . more than 10,000 specifications. 
Since we also have the largest stock 
of semi-finished crystals in the world, 
we can fill most orders within 24 
hours. So tell your dealer to order 
the best. . . Sentry. Or contact us 
directly by calling toll free 1 - 800 - 
654-8850 to order. For a copy of 
our latest catalog, 
JBK-, .J just mail us the 
. coupon below. 


Sentry Mfg. Co.. Crystal Park 
Chickasha. Oklahoma 73018 


Pleas* send me a complete 1977 Sentry Catalog 
immediately Enclosed is a check or money order 
for Si 50, which 1 understand b deductible from 
my first order HAM-1 


Address 



nt complete manual on setlin, up amt 

operating a slom scan TV amateur station 


Get involved with 
SLOW SCAN TV 


Ham Radio 
Communications 
Bookstore 
Greenville, NH 03048 


Please send along The 


Complete Handbook of Slow 


Scan TV. I enclose check or 


money order for $9.95 


I Name__ 

| Address_ 

| City- , 

f State _Zip_ | 

I-J 


f » S V. f ' 


REGULAR $59.95 VALUE, NOW ONLY * 

• CONNECTS IN LINE BETWEEN MIC AND MIC 
JACK REQUIRING NO MODIFICATION TO TRANS¬ 
CEIVER • SOLID STATE RELIABILITY • AUTO¬ 
MATIC TIMER CAN BE SET FROM 1 MIN TO 
10 MIN • ADJUSTABLE CODE SPEED FROM 5 
TO AO WPM • ADJUSTABLE CODE TONE AND 
AUDIO LEVEL • EASILY PROGRAMMED • 
SPECIALLY DESIGNED CIRCUITRY GENERATES 
SOUELCH TAIL & ASSURES CORRECT & FULL 
I D EVERY TIME • OPERATES IN AUTOMATIC 
OR MANUAL MODES « IDEAL FOR BASE, MO¬ 
BILE OR REPEATER OPERATION 
QUALITY 5 x 7 PCB, 20 pg. Instruction 
& assembly manual 

NEW "CIR-KITS" AVAILABLE 
MODEL 11765 — miniature P/S M * 2" 
CW Beacon 10 cr (great lor 1750M band) 

• Code speed programmable ONLY 
S1 5.95/KIT' 

MODEL 11764 — semi-automatic mod¬ 
ulated CW IDer. 1.7" x 3" PCB adjustable 
code audio level • programmable code 
speed • tone & repeat interval. ONLY 
$74.95/KIT' 

Memory elements factory programmed to your 
specifications (254 bits maximum) 

MODEL 1776 universal auto/home 

alarm control module 

MODEL 1777 alarm timer module for 

1776. 

Calif, res add 6% tax. Incl. S2 shpg./hdlg. $4 for. 

information. I Securitron 

Phone (408) 263*3107 San Jos «* Ca 95154 


TECHNICAL MANUALS 

Ameco Hayden-Rider Sams 

ARRL RCA Tab 

Cowan Radio Callbook T. I. 

Gtlfer Radio Pub. 

Postage 35c per book. PPO 5 or more books 
MADISON ELECTRONICS SUPPLY. INC. 

1508 McKinney. Houston. TX 77002 
713-658 0268 


FREE CATALOG 


HARD-TO-FIND PRECISION TOOLS 

lilll motr than 3000 Item* pllet*. Iwtfim wit* 
•itlppet*. vacuum lytlrmi. relay loot*, optical 
equipment. tool klH am] t am Alto Include* Irn 
page* ■>! useful "Tool Tip*’ to aid In tool teke lion 


JENSEN TOOLS AND ALLOTS 
4117 N. 44tk Street, Phoem*. Arte I $011 



CASH for 2-WAY ™ Radio 

MOTOROLA. GE. RCA. ETC. EQUIPMENT 

MOBILES. BASES, PORTABLES. MOBILE- 
TELEPHONES. REPEATERS, REMOTE CONTROLS. 
TONE EQUIPMENT. 2-WAY TEST EQUIPMENT 
Operational Units Only 
Commissions/Finders Fees 
CAL-COM SYSTEMS. INC. 

701-51A KINGS ROW. SAN JOSE CALIF 95112 
_ Telephone 24 Moon 408/998-4444 


Sec our HAM MART 
listings to find the 
Amateur Radio 
dealers nearest you. 


108 H july 1977 
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7400N TTL 

5HMJH a 

SN’460*1 7? SI 

004NM 45 9 

$9’47?9 M SI 

5974739 37 si 

sn;4f4»i 37 y 

5974759 so a 

S974769 33 SI 

$974799 4 00 SI 

SN74409 SO SI 

SHIVS 90 y 

Sir 443*1 70 y 

SM740SM 99 si 


70 5974899 3 SO SN74in 

» SN7449*1 7 49 SM^417< 

3S S974909 4S $97417! 

71 S974919 74 S974171 

S3 S*|7 497*1 49 S*l74ir 

49 5*47493*1 49 SM741M 

J7 S97494N 79 59 7411 

» SM749SM 79 SN74IC 

79 $974969 » $97416' 

|7 a7497H 4 00 S9 741K 

47 5*474100*4 1 00 SM7419I 

79 s»r:*iom 39 5*17411: 

31 S*474I7H« 39 S97419I 

77 5*474177*1 39 S97419 

77 SN74173«I SO $97419 

74 5*4741744 10 S*474i« 

14 5 4 7417M SO $97419 

99 54741174 1 09 $47419 

•A 54741394 9S S4741* 

74 54741414 I IS $47419 

75 S4741474 4 00 S474I9 

74 54741434 4 SO S47419 

I* 54741444 4 SO S47419 

50 547414SN I 14 547470 

79 SN74147N 7 35 $97477 

» 94741494 7 00 947475 

?7 54741104 1 00 547471 

77 54741514 79 $47479 

70 $9741539 » $47419 

MANY OTHERS AVAILABLE OH REQUEST 
20% Discount tor 100 ComOmtd 7400 » 


54741544 100 

S4741SS4 99 

5474*594 99 

59741579 99 

54741*4 t » 

54741914 99 

S4741&34 99 

$4741644 I 10 

S4 741954 1 10 

54741694 1 a 

54741974 S SO 

54741704 7 *0 

$4741774 195 

S4741734 1 SO 

54741744 1 a 

54741754 99 

SN7417M 90 

54-41774 90 

54741904 99 

S4741914 7 49 

S4741974 95 

S4741644 1 * 

54741954 7 X 

54741994 IS* 

54741974 9* 

54741194 3 95 

$4741904 1 19 

54741914 I » 

S4741974 M 

54741934 99 

S4741944 1 a 

S47419S4 a 

54741994 t a 

$4741974 a 

54741994 I a 

54741994 I a 

54747004 S 59 

$4747794 * 

84747S14 I 7% 

54747944 9 * 

$4747954 9* 

$4743974 a 



74LS00 

741574 

741575 

741579 

741SB3 

7H59S 

741SM 

741S90 

741597 

741593 

741595 

■*4i $99 

I4LS107 

74LSI09 

741511? 

741S1J7 

•415139 

7445119_ 


T L 4i v»‘ 



llnnebdnd Ay-omHtt# 
— Watches — 

i 

Men s & Ladies 

. Solid Slate 

of 

• Displays hour, minute. 

IC441 WM« w INI# 17* #, 

second, month & day 

1C449 TNM >t*M S34 91 

ICO 

replacement 

. Free set ol replacement 
batteries 

* Choose LED or LCD 
styles 

4^ LAOlfS 1(0 

\ 

• One year factory 

TJ11WA.MWINH S»4 9»'| 

warranty 

T319 TlMilWl* V39 95] 


WIRE WRAP CENTER 

_ HOBBY-WRAP TOOl-BW-630 


534.95 


• Battery Operated (Sue Cl 

• We»ghs ONLY 11 Ounces 

• Wraps 30 AWCi Wire ontP 
Standard OIP Sockets 1 025 inch) 

i Complete with built m bit and sleeve 


CHANNEL® 

$ 159.95 


ma *oto tKnmrmmmmmr mww 

• Freeze Action • Speed Option 

• Automatic time and scorekeeping 

• Battery-tree AC operation 

• Dual controls with 8-way action 

• Built-in Pro Hockey and Teams games 

• Easy hook up on any BW or Color TV 

• Factory warranty 


WIRE-WRAP KIT — WK-2-W 

WRAP • STRIP • UNWRAP * 

• Tool tor 30 AWG W»e 

• Roll ot 50 Ft White or Blue 30 AWG Wire • 

• 50 pcs each I 2.344 lengths 
pre-stripped wire 

$11.95 


* ^ WIRE WRAP TOOL WSU-30 I 

^ WRAP • STRIP . UNWRAP ■ S5 95 | 

WIRE WRAP WIRE — 30 AWG 

2Sft mm SI 25 50ft SI 95 tOOtl S2 95 1000ft $15 00 I 
SPECIFY COLOR - White Yellow Red Green Blue Rack ! 


Plastic Push Button Switch 


Channel F — additional cartridges — $19.95 ea. 

#8112 Desert Fo*/Shoohng Ganery #8113 Btack»ack (1 or 2 players) 

#8114 Spitfire (tor 2 players) #8115 Spar* War 

#8111 T»e-Tac Toe/Shootmg Gallery Doodle■Quadra Doodte 


in •< 

*009 4*J 10-91 

*709 Oimh 4»i 

•CTO* Oi r>gf All 

•CTO* rm *V 

799 4M 

1C77 Smi 105> 

•CT? Cw 411 

*C7? rtftM 111 

•C77 0<*>9» 411 

SSL 7? 4T 411 


DISCRETE LEDS 




1-9 

10-Up 

J 188 1 

Push On Puth Oh 

59 

49 

J 188 2 

Normally Optn 

59 

49 

J 188 3 

Normally Oosad 

59 

49 

OIP SWITCHES 


IN iu 

XC579 511 

IC579 L-mr 411 

•C579 >ito* 4H 

•C579 0**ng» 411 

•C579 Om< 411 


SPECIAL * — XCS56 Red 100/S8.00 10< 

138 $ DISPLAY LEDS 


•C559 1011 MVS0 AM IV 

•C$59 0>«" 4 *1 __ 

■CV59 »Mo» *v pWWWrTTT 

•C554 O-mf* *1' |j* 'k *!'* 

•C$56 CW 711 Li* IHJlJ 

1000 *60 00 — SPECIAL * 


#206 4 ( 8 pm d<p) 4 iwrtch uni It 78 • 

0206? 114 pm dip) 7 nmch una f 1 M • 

#206 8 (16 pm dip) 8 switch unit $2.» • 


TV GAME CHIP SET — $18.50 

tndudes AY 3 8600 1 chip and 2 010 mh? crystal 
if purchased separately would cost $21 90 


ATARI GAME BOARDS 


$6 95 ea 

0IR« 500 EA 
9 MNUftI 

it $9 95 ea 

QM1 50014 
AVAIL Ail I 

I Libs me 


HP 5082-7300 Multi-Digit Series 

• \9 Ht • Common Cathode • Dip Package 

• 3 to 5 volts @5 mds per segment 

• 7 segment MonoMNc • Red Display 

§ ?di* i if 

jnyU 30.911 n 

rtVrt 


ZENERS - 

mi volts w 

19*46 3 3 40*vn 

197514 9 1 400" 

1975? 5 9 «0O» 

19753 It 400" 

19754 9 1 «OOr 

19958 •? 40Or 

199659 15 400" 

195737 5 6 500" 

*95714 17 500" 

195735 6 4 500" 

195736 7 5 500" 

19454 75 *Vi 

19454 150 Tm 

194954 '90 iftn 

•94001 50 PW I 44*" 


- DIOOES - RECTIFIERS 

ma rm volt* w 

4 100 '94005 600PW14M*' 

4 1 OD 194006 900 PTW 1 AMI' 

4 1 00 194007 1000 PW I AM** 

4 1 00 <9)900 50 700m 

4 1 00 *94149 75 lO" 

9 1 00 194154 35 10m 

4 1 00 1 94305 75 75m 

71 194734 5 6 t« 

79 194715 6 7 *• 

79 1 947J6 II 1* 

79 194711 9? I* 

9 1 00 194747 1? i" 

6 1 00 1 94744 15 <• 

6 1 00 191191 50P1V 15 AMI* 

17 1 00 *91194 100 WV 15 A***' 
17 100 191115 ISO P*V 15AA9' 
1? '00 191196 TOO P*V 15 A*»- 


SCR AND FW BRIOGE RECTIFIERS 



CAPACITOR 


CORNER 


50 PCS. RESISTOR ASSORTMENTS $1.25 PER ASST. 

<0 3*1 <7 OHM 15 OHM <4 OHM 77 »*M 

ASST. 1 5M 77 >«M 1) XI* 39 0MA* 4’ OHM 56 QMM 1/4 W4T1 5% 54PCI 

19 3KW 17 XM 100 DM* <70 OM* 159 OMU 

ASST 2 »M 'HOW 770 OHM 770 OhM 330 OHM 3*0 OmM 1-4 Win »N 59 PCS 

J 470 XM 540 (MM 690 CNN* 970 0*N* '* ( 

c ASST 3 »M'7* *54 *91 7 7* ?7« 1-4 wn 59 PCS " 

#3 33* IP * *» 5 6* 69* 

n l ASST 4 S M 17* 'On '7« <5N )«• 1/4 Win IN 59 PCS ! 


CO 

4 wan s% 59 pcs “O 


r» 330H 

M» I70N 

• IV 7 TV 

4 7M 5 Ml 


ASST. 8R Includes Resistor Assortments 1-7 (350 PCS ) $7.49 ea. 


05 04 03 0V» 05 04 

05 04 03 m+t 06 05 

05 04 03 047*.* 06 05 

05 04 035 W 1? 09 

199 VOIT 9*14*1 HIM C4P4CII0NS 

It 10 07 97?m» *3 11 

I? 10 0 7 047iM 71 IT 

IT 10 07 M 77 71 

1? 10 07 77ir< 13 77 

. Jt\ DIPPfO TANTALUMS *SOUO| CAP4CJT0M 

79 73 17 1 5/JSV » 79 

79 73 17 7 7-75V Jl 77 

79 73 17 3 X«V 31 77 

79 73 17 4 7 75V 37 79 

79 73 17 SSWV » -31 

?• 73 17 1MW 40 35 

?S 73 17 IV75V S3 50 

■9MTVNU 4LUM9HJM IlKTROlVTIC CAPAOTONS 
AM* IM4 Mu' l»* 


1 0«V 19 

1 050V 16 

4 ? 16V 15 

4 7.75V 15 
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MASTER CHARGE 


INTERBANK NUMBER 


IV FW TOUCH TONE 
iVjC/ MICROPHONE 


STANDARD 12 TONE FREQUENCIES ARE CRYSTAL CONTROLLED 
BUILT-IN MIKE PROVIDES ULTRA ClJ\RITY|ftf-n'X Q/r plus 
FITS MOST TELEPHONE-TYPE HANDSETS anu” 


PLUS 
SHIPPING 
AND 6 % TAX IN 
('AIJPORNIA 


AUTO-PATCH USERS 

INSTANTLY CONVERTS MOST TELEPHONE-TYPE HANDSETS 
TO AUTO-PATCH OPERATION 
HI-FIDELITY CONDENSER TYPE MIKE REPLACES 
OLD FASHIONED CARBON MICROPHONE 

CONTROL STATIONS 


T T 

master charge 

i »*• Miimai rm i 

L * V 


"TOUCHTONK" ISTHK REGISTEREDTKADKMAKK OF AT* T 


Note: For our toll free number call 800-555*1212 


C & B RADIO & ELECTRONICS 
P.0. BOX 7028 
BURBANK CA 91510 


TONE FREQUENCIES ARE 6 TIMES MORE ACCURATE 
THAN REQUIRED. OPERATES ON 6 to 24 VDC. CAN BE 
USED WITH MOST ROTARY DIAL PHONES FOR REPEATER 
CONTROL (Check with your local phone co.) 


BankAmericaao 


To Order: Send name, address, city, state, zip to: 

Enclose: Cash, Check or Postal Money Order only. 

Include $1.50 for Shipping & Handling or use your 
BankAmericard or Master Charge by Tilling in the proper boxes. 


BANKAMEKICAK1) 
MASTER CHARGE 

EXPIRATION HATE 


10's OF THOUSANDS 
OF CRYSTALS 
IN STOCK! 


so “IVJ \ \ AMATEUR 
** a HAM 

CB 

\\? 


\ SCANNER 
MONITOR 


Immediate delivery on most frequencies! 

CRYSTAL BANKING SERVICE 
P.0. BOX 683 

LYNNFIELD, MASSACHUSETTS 
01940 

110 C3 julyl977 


RF 

DESIGN 

ENGINEERS 

The R.L. DRAKE COMPANY 
is in search of electronics 
design engineers with a 
minimum of five years of 
experience in the design 
and development of hf/vhf 
communications equip¬ 
ment. Applicants should 
hold a BSEE or MSEE 
degree. Amateur radio 
license desirable but not 
necessary. 


Please forward brief resume 
and salary history to: 
Personnel Department 
R. L. Drake Company 
540 Richard Street 
Miamisburg. Ohio 45342 


FOR A BETTER DEAL SEE 
ROSS THE COUNTRY HAM 

DRAKE TR4C $469 (display model) 

loom IC21 (W/IC21 VFO) $280 (like new) 
Icom IC230 $269.90 (hke new) 

Kenwood TS-520 $550 (like new) 

Kenwood TS 700A $535 (demo) 

Atlas 210X (w/noise blanker) 

$580 (display model) 
Astro 200 — Call or write for quote 
KLM Mult 1-2000 $380 (like new) 

Yaesu 221R — Call or write for quote 
Yaesu FT 101E (w/CW filter & fan) 

$629 (like new) 
Oentron MT 3000A — Call or write for 
quote 

ROSS DISTRIBUTING CO. 

208-8520830 Preston. Idaho 83263 

Established 1957 

Dealer for Yaesu, Atlas, Drake. Icom, ClR. Dentron, 
Swan, Rohir KLM, Cushcraft, Hy-Gam, Tempo, 
Midland, MFJ, Atronics. 


— PCB — PCB — PCB — PCB - PCB — PCB — 

S ,» :*r; ETCH IT-YOURSELF ® 
L 1 -** r ~ Printed Circuit 1 

£ 1. Kit 


NOW YOU CAN design and produce your 
own printed circuit boards. 

IT’S EASY. Photo positive method. No 
darkroom required. 

LESS THAN 2 HOURS to produce a p.c. 
board direct from magazine article. 

KIT INCLUDES materials to make 4 p.c. 
boards direct from magazine article. ^ 
Add $1 for COD. S.A.S.E. for details. ® 

rYe EXCEL CIRCUITS co. 1 

^*1 4412 Fernlee 313-549-0440 S 

I 1 Royal Oak, Ml 48073 m 

- PCB — PCB — PCB — PCB — PCB — PCB — 
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Printed Circuit Board 








For the SERIOUS CW/SSB OPERATOR... 


500 Hz crystal filter 
now included 

for extra fine cw reception - 
it's not an option 


While operating cw, you 
may receive with either 
the 2.1 kHz or the 500 Hz 
crystal filter— 

they are front panel selectable! 


Full rated at 250 watts 

cw input the TR-4Cw 

Ideal for the upgraded is a great 

Novice/Technician class licenses pile-up puncher 

for DX chasing 
and contesting— 

it runs more 
power output than 
most transceivers 
run input! 


the New Drake TR-4Cw 

sideband/cw transceiver 



The serious DX chaser, contester. and traffic handler When transmitting cw, you're not "locked" into the cw 
knows the value of power when the going gets receiving filter as in some rigs. You have your choice 

rough in heavy QRM. He also knows the value of of either filter—they re front panel selectable. The cw 

sharp receiving selectivity to pull the other guy filter is standard — not an option, 

through the roar. 

Drake TR-4Cw, Ssb/Cw Transceiver 

The NEW Drake TR-4Cw is a great combination of Drake AC-4, Ac Supply 

transmit power and receive selectivity It runs 300 Drake DC-4, Dc Supply 

watts PEP input on ssb, and 260 watts input on cw. Drake RV-4C, Remote VFO 

It is very conservatively rated at these power levels Drake 34PNB, Noise Blanker 


To receive a FREE Drake 
Full Line Catalog, please send 
name and date ol this publication to 



R. L. DRAKE COMPANY 



540 Richard St., Miamisburg, Ohio 45342 
Phone: (513) 866-2421 • Tele*: 288-017 


Western Sales and Service Center, 2020 Western Street. Las Vegas, Nevada 89102 • 702 382-9470 


july 1977 [fl HI 
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CRYSTAL FILTERS and DISCRIMINATORS 

9.0 MHz FILTERS 


XF9-A 

2.5 kHz 

SSB TX 

$31.95 

XF9-B 

2.4 kHz 

SSB RX/TX 

$45 45 

XF9-C 

3.75 kHz 

AM 

$48.95 

XF9-D 

5.0 kHz 

AM 

$48 95 

XF9-E 

12.0 kHz 

NBFM 

$48.95 

XF9-M 

0.5 kHz 

CW (4 pole) 

$34.25 

XF9-NB 

0.5 kHz 

CW (8 pole) 

$63.95 

9.0 MHz 

CRYSTALS (Hc25/u) 


XF900 

9000.0 kHz 

Carrier 

$4.00 

XF901 

8998 5 kHz 

USB 

$4.00 

XF902 

9001 5 kHz 

LSB 

$4.00 

XF903 

8999 0 kHz 

BFO 

$4.00 

F 05 

Hc25/u Socket Chassis 

.50 

F 06 

Hc25/u Socket P.C. Board 

.50 


Export 

Ituiuiries 

Invited 

Shipping 
$1.25 
per filter 


ALSO AVAILABLE FROM KVG 
10.7 MHz CRYSTAL FILTERS 
OSCILLATOR CRYSTALS 50 kHz TO 150 MHz 
Write for Details 


VARACTOR TRIPLERS 


The low cost easy way to operate on the 432 MHz and 1296 MHz bands. 
For OSCAR 7, mode B, drive the MMv432 family varactor tripler with your 
2 meter transmitter. The wideband varactor triplers cover the full 2M/432 
band without retuning 

NO power supply required for varactor triplers; efficiency approximately 50% 
Three models available at 432, two at 1296. 


Model Max Drive 

MMv432 30 W $65.95 

MMv432M 50 W 79.95 

MMv432H 70 W 115.50 

MMvl296 20 W 77.50 

MMvl296H 35 W 89.95 


shipping: $2.50 
Also available for 144 MHz & 432/440 MHz bands. 

Receive Converters: many options. Write for details. 

Transverters: Use ycur 10M rig to get on the VHF bands the easy way. 
6M & 2M drive versions available for 432/440 bands. 

Also ch2/ch3 to 438 MHz, fast scan ATV units. At 1296, a full front-end 
service available. Still the only source with years of experience. Varactor 
triplers, receive converters and high gain beam. 

Send 26<* (2 stamps) for full line catalogue of KVG crystal products and 
all your VHF & UHF equipment requirements. 


LINEAR AMPLIFIERS and TRANSVERTERS 

by POLAR ELECTRONIC DEVELOPMENTS 

EDL144 $29 


4 * & K.V.G. lit' 

r ceive pre-amc 


EDL144 $299.95 

Drive Power 20 W PEP max 
Output Power 100 W PEP max 
Rx Pre*Amp Gain 20 dB typ 
N.F. 2.5 dB typ 

Power Supply 115 V A.C. 
Size: 10" x 6" x 7" 

The EDL144 amplifier con¬ 
tains a high power transmit 
linear amplifier (5894 PA) 
and power supply (115v) to- 
— gether with a low noise re- 

ceive"“pre-amplifier (2.5 dB NF). T/R switching is automatic by an 
internal VOX circuit; no changes are needed to your existing transceiver. 

—EDL432P $299.95 

Drive Power 10 W PEP max 
Output Power 50 W PEP max 
Power Supply 115 V A C. 
Size: 10"x6"xll* 

The EDL432P amplifier con- 

/ tains a high power triode 
amplifier (2C39A) with match¬ 
ing power supply (115v). The 
cabinet also contains the 
cooling air blower, antenna relays and full metering. The RF section is 
also available as a complete sub-assembly for use with an existinq power 
supply etc.. Model EDL432 $139.95 

Use your 10 meter transceiver with the EDT50-28 or EDT144-28 trans¬ 
verters to operate on the 6M or 2M bands. These transverters 
operate in all modes; they have the same style P.A. design as the 

___ _ - EDL144 amplifier. Receiving 

is a MMc50 or MMd44 
converter mounted in- 
i side the cabinet. 

r - J EDT50-28 50-52 MHz 

■ _ EDT144-28 144-146 MHz 

Drive Power, 10M 0.5 W max 
■ WZ Output Power 100 W PEP max 

^ Rx Gain 30 dB typ 

^ N.F. 2.5 dB typ 

i Size: 10" x 6" x 7" 

* ^ Price $299.95 

^ An external power supply is 

^ — required. 

Shipping Via UPS. At Cost. 


KY/2M 




Model 8XY/2M 

Gain 9 5dB in each plane, 501) feed. 
For OSCAR communications add 
Circular polarization harness, PMH/2C 
Also available for 2 meters: 

8 over 8 J-Slot, Model D8/2M 
8 by 8 vertical pol. D8/2M vert. 


ANTENNAS 

144-148 MHz 

lor 

CW AM 
FM SSB 
OSCAR 


420-450 MHz 

48 element J-Beam MULTIBEAM 
Gain +15.7 dBd. Feed 501) coaxial. 

Model 70/MBM48 $47.95 


Spectrum 
International, Inc. 
Post Office Box 1084 
ncord, Mass. 01742, USA 


1296 — LY 

1296 MHz LOOPYAGI 
GAIN 4 20dBi 

FEED S0» COAXIAL 1250-1340 MHz 

Shipping: Antennas FOB Concord. Mass, via UPS. 

Write direct for Polar plots. Gain & VSWR curves. 


Plug it in like a key 
and send perfectly 
timed Morse code as 
easily as typing a let¬ 
ter Sidetone and 
buffer register make 
it simple to send at 
the speed you select 


KEYBOARD 

TO 

MORSE CODE 


ATRONICS 

BOX 77, ESCONDIDO. CA 92025 
(714)745-1971 


Available directly 
from the factory for 
only $225 plus post¬ 
age & handling Mas- 
tercharge or Banka- 
mericard accepted 
Call or write to order 
or request complete 
specifications and 
options. 
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Art Houaholdar, *'•T*'; 
Vic* I’fciidant 


A Message from Art 
About AGL 


AGL Clectromcs 


A.C.L. la a ci<P|i*t«iiv*ly new cofifany with an old faahton- 
•tl phi loargdty about giving <’ jr cuitrcwr* U 1 *! aervi< e «■ 
ran deltvei al the Meat competitive price. 

fveryone at A...L. i* a llc*n*rJ hue operator with a attend 
■•lertianlra tai'tU'Miul. and Although A.C.L. ta new. we’ve pt'dxib 
iy Bet and talked with Boat of you at hanfeata for the paat nary 
yeara lWe would rather not diaeuaa how want) 

w« think we have accumulated <nr of the moat "| tele inven- 
tnrtra nt elertrnniea in the • uttiwnt. K*'va conbinod that.with 
otir cam all I la and bar*»art..ind» and created a buaineai that w. 
hope you will like doing tNiaima with. 

tty thr way. ll ytMl like tc *hrrae trade* ufl e*jui|®ent . you 
are anir than m-lccar In tact. we encourage it. 

Stop in and aee tor youraelf. you are going to like A C.I.. 





' 4\V 


|K • 






* 


LARRY WA5WWH 


GORDON N5AU MIKE WA5U0B MIKE WB5ACM TOM K5TM 

214-241-6414 

(AGL electronics) 

3068 FOREST LANE, SUITE 309 • DALLAS, TEXAS 75234 


BOB W5TPF 


More Details? CHECK — OFF Page 126 


july1977 Q113 
















- SCR1000 - 

State of the Art in VHF FM Repeaters 


100% Solid State 
30 Wts. Output 
Exclusive MOSFET/ 
Hot Carrier Diode 
Rcvr. front end — 
greatly 
reduces IM 
& ‘desense' 

Full Metering 
Lighted Push¬ 
buttons & 

Status 
Indicators 
tor ease ot 
maintenance 


• Front Panel Controls tor timers & 
AF levels 

r * Built-in AC Supply, w/instant btry 
switchover 

• Built-in IDer — held programmable 
Fully adjustable 

• State ot the Art CMOS logic lor 
—r ■ control, timers, and IDer 

• Accessory jacks lor Autopatch. 
Remote Control, etc 

• Supplied w/Sentry xtals S Turner local 
mic 

• True FM — tor audio quality so good lhai 
"it sounds like direct "I 
• Rcvr. Sens.: 0 3/iV/20dB Ot 
• Selectivity: -6dB @ ±6 5kHz; -90dB@ 
±30kHz (— 110dB @ ±30kH; w/opl 8 
pole tltr.) 

SPEC COMM REPEATER BOARDS 

All Assembled & Tested 

SCR100 Rcvr Bd Same sens & set as SCR1000 
Very wide dynamic range Mainly 1C Exc audio 
quality St 15 00 w/ 0005% xtal 
SCT100 Xmlr 4 Exciter Bd — 6 Wts Output True 
FM lor exc audio $115 00 w/ 0005% xtal 
BA-10 30 Wl Amp Bd 4 Heal Sink 3 sec LPF & 
dwi sensor $51 95 

□ CTC100 COR/Timer/Control Bd — Complete COR 
w/Carner Hang' and T 0 Timers, remote xmtr 
control etc $32 95 

ID100 CW lOer 4 Audio Mixer Bd Diode prog 
memory Ad| tone speed level & time 4 input AF 
mixer 4 local mic amp $59 95 programmed 

formerl y of WORCESTER, pa Send tor Data Sheets 

SPECTRUM COMMUNICATIONS 

1055 W. GERMANTOWN PK • NORRISTOWN, PA 19401 • (215) 631-1710> 


Some Plain Talk About Repeaters — 

Lai's lace it — your repeater group s success or lailure hinges on the quality and reliability ol your Machine"! 
That's why the engineers at Spec Comm dedicated themselves to the production ot the tlnest 
repeater available on the amateur market The SCR1000 has been conservatively designed lor years ol 
trouble-tree operation, and every consideration has been given to operator convenience and accessory interlacing 
Features like lull metering, lighted status indicators, lull Iron! panel control ot every important repeater parameter, 

and accessory tacks lor autopatch xmtr control, etc And audio 
'*y v JM vrtzw so good and so lull your 30 watts will sound like 100' 

Think aboul it and think about your users The purchase ot 
; ■ 'll a Spec Comm Repeater Is a sound investment in your 

JrSmfwBn group's future, and they'll be thanking you for years to come! 

Sold Factory Direct only $899 95 

^^31 < pHn Don't make a mistake — your group deserves the lines!! Call 

or write the engineers at Spec Comm today lor further mlo' 


Custom Mods’ Available: 'PL , B Pole 
Rcvr Fttr , Hi/Lo Power Multi-Freq . etc 
— Inquire 



75-10 HD 


PRICE 


MODEL 


Vanguard now has a HOT 
2m converter - at a price 
you con afford 


Hi OFF _ . ON i 

yO G ■<> G 

ANT. Q - + 0 RCV. 


MODEL C-144 A ONLY $39.95 
RE AD THE SPECIFICATIONS A SEE 
WHY IT'S THE BEST CONVERTER 
VALUE AVAILABLE ANYWHERE!! 

• Dual yaic MOSFET r.f stage with diode 
protected input 

• Dual-gate MOSFET mixer for minimum 
cross modulation Every converter tested for 
noise figure (2.5 — 3.0 dB max.) with 
Hewlett Packard noise measuring equip¬ 
ment. 

• 6 tuned circuits. 

• More than 20 dB gain. .1 microvolt sen¬ 
sitivity guarantee when used with receivers 
having I microvolt or better sensitivity, 

• Complete with one .005% plug-in crystal to 
cover 144-146 or 146-148 MHz (be sure to 
specify which, or get both for only $5.00 
more). Standard output is for 28-30 MHz. 

• 16 gauge aluminum case with BNC recep¬ 
tacles and antenna/power switch. Measures 
3'/j * x 2V« * x I Vi" 

• Operates 12 Vdc @ 15 ma 

IN STOCK NOW FOR IMMEDIATE 
C.O.D. SHIPMENT. Call Monday through 
Friday 9 AM to 4 PM 1212) 468 2720. 

VANGUARD LABS 

196 23 Jamaica Ave , Hollis. New York 11423 


HALF-SIZE FULL PERFORMANCE 
Multi-Band HF Communications Antennas 


THOUSANDS IN USE 


MOR-GAIN HD DIPOLE SPECIFICATIONS 


BANOS 
(Meiers) 

40-20 HD 40/20 36 $49.50 

40-10 HD 40/20/15/10 36 59.50 

80-40 HO 80/40 + 15 69 57.50 

75-40 HO 75/40 66 55.00 

75-40 HO (SP) 75/40 66 57.50 

75-20 HO 75/40/20 66 66.50 

75-20 HD (SP) 75/40/20 66 66.50 

75-10 HD 75/40/20/15/10 66 74.50 

75-10 HO (SP) 75/40/20/15/10 66 74.50 

80-10 HD 80/40/20/15/10 69 76.50 

NOTE: 75 meter models are factory luned to resonate at 
3950 KHz. (SP) models art (actory luned to resonate at 
3800 KHz. 80 meter models are (actory tuned to resonate 
at 3650 KHz. 


WHY MOR-GAIN? • Highest performance for the No- 

NOVICE LICENSE OPERATION. The MOR-GAIN HD vice as well as the Extra-Class 

Dipole is the ideal antenna lor the new or Novice Op. 

operator As the Novice progresses to hiqher license . Guaranteed 0NE YEAR 

classes, he can easily re-tune the HD Dipole to the 

new frequencies of bis higher license frequency prlv- LIMITED REAL ESTATE. Where real estate for an- 


MOR-GAIN HD Dipoles . . . 

• One hall the length of conven¬ 
tional half-wave dipoles. 

• Multi-band. Multi-frequency. 

• Maximum efficiency • no traps, 
loading coils, or stubs. 

• Fully assembled and pretuned 
- no measuring, no cutting. 

• Proven performance • more than 
10,000 have been delivered. 

• Permit use ol the full capabili¬ 
ties of today's 5-band xevrs. 

• One feedline for operation on 
all bands. 

• Lowest cost/highest perform¬ 
ance antenna on the market 
today. 

• Highest performance (or the No¬ 
vice as well as the Extra-Class 
Op. 

• Guaranteed ONE YEAR. 


Urges. The HO Dipole is thus a one-time investment. i_i.ii.ii_ i. H n a._i. t. 

HO Dipoles are available (or all Novice frequencies. £« Operation 8o)«/« I, Z 

f»» slbl * «•* HD dl F° k l» only half the length 


the highest performance least cost multl-band’antenna, ™ 

on the market today. For Example: the 5-hand 75-10 f will^ Mtoerl^In 

HO dipole costs less than $15 00 per band • an operation, the HD dipole will outperform any trap 


unbeatable low cost. 


loaded horizontal or vertical dipole. 


Contact your favorite dealer or order direct from MOR-GAIN today. Write for fully doscrlptlvo 
four page brochure. ^ 

( _ _ Manufactured & Guaranteed by 

ll PSl*. —. fS I \ MOR-GAIN I — I 

IVI MPeP It I I 2200L South 4th Street 

| T I U*' U fl Illl J Leavenworth, Kansas 66048 

I * a m ^7 (913) 682-3142 W 










1N914 

1N4004 

1N4005 

1N4007 

1N4148 

1N753A 

1N758A 

1N759A 

1N4733 

1N5243 

1N5244B 

1N5245B 

DIODES/ZENERS 

lOOv 10mA 

400v 1A 

600v 1A 

10OOv 1A 

75v 10mA 

6.2v z 

lOv z 

12v z 

5.1v z 

13v z 

14v z 

15v z 

.05 

.08 

.08 

.15 

.03 

.25 

.25 

.25 

.25 

.25 

.25 

.25 

SOCKETS/BRIDGES 

8-pin pcb .25 ww 

14-pin pcb .25 ww 

16-pin pcb .25 ww 

18-pin pcb .25 ww 

22-pin pcb .45 ww 

24-pin pcb .35 ww 

28-pin pcb .35 ww 

40-pin pcb .50 ww 

Molex pins .01 To-3 Sockets 
2 Amp Bridge 100-prv 

25 Amp Bridge 200-prv 

.45 

.40 

.40 

.75 

1.25 

1.25 

1.45 

1.95 

. .25 

1.20 

1.95 

TRANSISTORS, LEDS, etc. 

2N2222 NPN 

2N2907 PNP 

2N3740 PNP 1A 60v 

2N3906 PNP 

2N3054 NPN 

2N3055 NPN 15A 60v 

TIPI 25 PNP Darlington 

LED Green, Red, Clear 

D.L.747 7 seg 5/8" high com-anode 

XAN72 7 seg com-anode 

FND 359 Red 7 seg com-cathode 

.15 

.15 

.25 

.10 

.35 

.50 

.35 

.15 

1.95 

1.50 

1.25 

C MOS j 






- 
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4000 

.15 

7400 

.15 

7473 

.25 


74176 

1.25 

74H72 

.55 


74S133 

.45 

4001 

.20 

7401 

.15 

7474 

.35 


74180 

.85 

74H101 

.75 


74S140 

.75 

4002 

.20 

7402 

.20 

7475 

.35 


74181 

2.75 

74H103 

.75 


74S151 

.35 

4004 

3.95 

7403 

.20 

7476 

.30 


74182 

.95 

74H106 

.95 


74S153 

.35 

4006 

1.20 

7404 

.15 

7480 

.55 


74190 

1.75 




74S157 

.80 

4007 

.35 

7405 

.25 

7481 

.75 


74191 

1.35 




74S158 

.35 

4008 

1.20 

7406 

.35 

7483 

.95 


74192 

1.65 

74 LOO 

.35 


74S194 

1.05 

4009 

.30 

7407 

.55 

7485 

.95 


74193 

.85 

74L02 

.35 


74S257I 8123) 

.25 

4010 

.45 

7408 

.25 

7486 

.30 


74194 

1.25 

74L03 

.30 




4011 

.20 

7409 

.15 

7489 

1.35 


74195 

.95 

74L04 

.35 




4012 

.20 

7410 

.10 

7490 

.55 


74196 

1.25 

74L10 

.35 


74LS00 

.45 

4013 

.40 

7411 

.25 

7491 

.95 


74197 

1.25 

74L20 

.35 


74LS01 

.45 

4014 

1.10 

7412 

.30 

7492 

.95 


74198 

2.35 

74L30 

.45 


74LS02 

.45 

4015 

.95 

7413 

.45 

7493 

.40 


74221 

1.00 

74L47 

1.95 


74LS04 

.45 

4016 

.35 

7414 

1.10 

7494 

1.25 


74367 

.85 

74L51 

.45 


74LS05 

.55 

4017 

1.10 

7416 

.25 

7495 

.60 




74L55 

.65 


74LS08 

.45 

4018 

1.10 

7417 

.40 

7496 

.80 




74L72 

.45 


74LS09 

.45 

4019 

.70 

7420 

.15 




75108A 

.35 

74L73 

.40 


74LS10 

.45 

4020 

.85 

7426 

.30 




75110 

.35 

74L74 

.45 


74LS11 

.45 

4021 

1.35 

7427 

.45 

74100 

1.85 


75491 

.50 

74L75 

.55 


74LS20 

.40 

4022 

.95 

7430 

.15 

74107 

.35 


75492 

.50 

74L93 

.55 


74LS21 

.25 

4023 

.25 

7432 

.30 

74121 

.35 




74 LI 23 

.55 


74LS22 

.25 

4024 

.75 

7437 

.35 

74122 

.55 







74LS32 

.40 

4025 

.35 

7438 

.35 

74123 

.55 


74H00 

.25 




74LS37 

.40 

4026 

1.95 

7440 

.25 

74125 

.45 


74H01 

.25 

74S00 

.55 


74LS40 

.55 

4027 

.50 

7441 

1.15 

74126 

.35 


74H04 

.25 

74S02 

.55 


74LS42 

1.75 

4028 

.95 

7442 

.55 

74132 

1.35 


74H05 

.25 

74S03 

.40 


74LS51 

.65 

4030 

.35 

7443 

.85 

74141 

1.00 

, 

74H08 

.35 

74S04 

.35 


74LS74 

.75 

4033 

1.95 

7444 

.45 

74150 

1.00 


74H10 

.35 

.74S05 

.35 


74LS86 

.75 

4034 

2.45 

7445 

.80 

74151 

.75 


74H11 

.25 

74S08 

.35 


74LS90 

1.30 

4035 

1.25 

7446 

.95 

74153 

.95 


74H15 

.30 

74S10 

.35 


74LS93 

1.00 

4040 

1.35 

7447 

.95 

74154 

1.05 


• 74H20 

.30 

74S11 

.35 


74LSI 07 

.95 

4041 

.69 

7448 

.95 

74156 

1.15 


74H21 

.25 

74S20 

.35 


74 LSI 23 

1.00 

4042 

.95 

7450 

.25 

74157 

.65 


74H22 

.40 

74S40 

.25 


74 LSI 51 

.75 

4043 

1.25 

7451 

.25 

74161 

.85 


74H30 

.25 

74S50 

.25 


74LSI 53 

1.20 

4044 

.95 

7453 

.20 

74163 

.95 


74H40 

.25 

74S51 

.45 


74 LSI 57 

.85 

4046 

1.50 

7454 

.25 

74164 

.60 


■74H50 

.25 

74S64 

.25 


74 LSI 64 

1.90 

4049 

.80 

7460 

.40 

74165 

1.50 


-74H51 

.25 

74S74 

.40 


74LS367 

.85 

4050 

.60 

7470 

.45 

74166 

1.35 


74H52 

.15 

74S112 

.90 


74LS368 

.70 

4066 

1.35 

7472 

.45 

74175 

.80 


74H53J 

.25 

74S114 

1.30 




4069 

.40 






74H55 

.25 






4071 

.35 













4082 

.45 














9000 SERIES I LINEARS, REGULATORS, etc. 


9301 

.85 

8266 .35 

LM320K5 (7905)1.65 

LM340T-24 .95 

9309 

.35 

8836 .95 

. LM320K12 

1.65 

LM340K-12 2.15 

9322 

.85 

MCT2 .95 

LM320T12 

1.25 

LM340K-15 1.25 

95H03 

.55 

8038 3.95 

LM320T15 

1.65 

LM340K-18 1.25 

9601 

.75 

LM201 .75 

LM339 

.95 

LM340K-24 .95 

9602 

.50 

LM307 .25 

7805 (340T-5) 

.95 

LM373 2.95 



LM308 (Mini) .75 

LM340T-12 

1.00 

LM380 .95 

MEMORY CLOCKS 

LM309H .65 

LM309K(340K-5).85 

LM340T-15 

LM340T-18 

1.00 

1.00 

LM709(8,-14 PIN) .25 
LM711 ;45 

74S188 (8223) 

3.00 

LM310 1.15 




1702A 

7.95 

LM311 D(Mini) .75 




MM5314 

3.00 

LM318 (Mini) .65 




MM5316 

3.50 





2102-1 

2102L-1 

1.75 

1.95 

INTEGRATED CIRCUITS UNLIMITED 

TMS6011NC 

6.95 

7889 Clairemont Mesa Blvd. San Diego 

CA 92111 (714)278-4394 

8080AD 

15.00 

All orders shipped, prepaid 

No minimum 

8T13 

1.50 

Open accounts invited 

COD orders accepted 

8T23 

1.50 

Discounts available at OEM Quantities 

8T24 

2.00 

California Residents add 6% Sales Tax 

2107B-4 

4.95 

24 Hour Phone (714) 278-4394 

MasterCharge / BankAmericard j 


LM723 

LM725 

LM739 

LM 741 8- 

LM 747 

LM1307 

LM1458 

LM3900 

LM75451 

NE555 

NE556 

NE565 

NE566 

NE567 

SN 72720 

SN72820 
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.50 

1.75 

1.50 

.20 

1.10 

1.25 

.95 

.50 

.65 

.50 

.95 

.95 

1.75 

1.35 

1.35 

1.35 




mb. 


Ham Radio's guide to help you find your local 


Alabama 


LONG’S ELECTRONICS 

3521 TENTH AVE. NORTH 
BIRMINGHAM, AL 35234 
800-633-3410 

Call us Toll Free to place your order 


Arizona 


MASTERS COMMUNICATIONS 

7025 N. 57th DRIVE 
GLENDALE, AZ 85301 
602-939-8356 

Rohn tower distributor, Atlas, 
Icom, Tempo, HyGain & service. 


POWER COMMUNICATIONS 

6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-8990 
Arizona’s #1 Ham Store. 


California 


C & A ELECTRONICS 

2529 EAST CARSON ST. 

P. O. BOX 5232 
CARSON, CA 90745 
213-834-5868 

Not the biggest, but the best — 
since 1962. 


CARSON ELECTRONICS 

12010 EAST CARSON ST. 
HAWAIIAN GARDENS, CA 90716 
213-421-3786 
Dealing exclusively in ICOM 
communications equipment. 


COMMUNICATIONS CENTER 

705 AMADOR STREET 

VALLEJO, CA 94590 

707-642-7223 

Who else has a Spectrum 

Analyzer? 


HAM RADIO OUTLET 

999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 

Visit our stores in Van Nuys 
and Anaheim. 


QUEMENT ELECTRONICS 

1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 

Serving the world’s Radio Amateurs 
since 1933. 


TOWER ELECTRONICS CORP. 

24001 ALICIA PARKWAY 
MISSION VIEJO, CA 92675 
714-768-8900 

Authorized Yaesu Sales & Service. 
Mail orders welcome. 


Colorado 


C W ELECTRONIC SALES CO. 
1401 BLAKE ST. 

DENVER, CO 80202 
303-573-1386 

Rocky Mountain area's complete 
ham radio distributor. 


Florida 


CENTRAL EQUIPMENT CO. 

18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL. 33160 
305-932-1818 
Specializing in Amateur, CB 
& Marine Equipment. 


RAY’S AMATEUR RADIO 

1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 

Drake, Icom, Cushcraft, Hustler. 


Illinois 


ERICKSON COMMUNICATIONS, INC. 

5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL 60646 
312-631-5181 

Headquarters for all your Amateur 
Radio needs. 


KLAUS RADIO, INC. 

8400 NORTH PIONEER PARKWAY 
PEORIA, IL 61614 
309-691-4840 

Let us quote your Amateur needs. 


SPECTRONICS, INC. 

1009 GARFIELD STREET 
OAK PARK, IL 60304 
312-848-6777 

Chicagoland’s Amateur Radio 
leader. 


Indiana 


HOOSIER ELECTRONICS 

P. 0. BOX 2001 

TERRE HAUTE, IN 47802 

812-238-1456 

Ham Headquarters of the Midwest. 
Store in Meadow Shopping Center. 


Iowa 


BOB SMITH ELECTRONICS 

12 SOUTH 21ST STREET 
FT. DODGE, IA 50501 
515-576-3886 
For an EZ deal. 


Kansas 


ASSOCIATED RADIO 

8012 CONSER P.O.B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 

Amateur Radio’s Top Dealer. 
Buy — Sell — Trade. 


Kentucky 


COHOON AMATEUR SUPPLY 

HIGHWAY 475 
TRENTON, KY 42286 
502-886-4535 

Ten-Tec dealer — Call 24 hours 
for best deal 


Maryland 


COMM CENTER, INC. 

9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
301-792-0600 

New & Used Amateur Equipment. 
All Inquiries Invited. 


Massachusetts 


TUFTS RADIO ELECTRONICS 

386 MAIN STREET 
MEDFORD, MA 02155 
617-395-8280 
New England’s friendliest 
ham store. 


Michigan 


RADIO SUPPLY & ENGINEERING 

1207 WEST 14 MILE ROAD 
CLAWSON, Ml 48017 
313-435-5660 

10001 Chalmers, Detroit, Ml 
48213, 313-371-9050. 


Minnesota 


ELECTRONIC CENTER, INC. 

127 THIRD AVENUE NORTH 

MINNEAPOLIS, MN 55401 

612-371-5240 

ECI is still your best buy. 
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Amateur Radio Dealer 


Missouri 


HAM RADIO CENTER, INC. 

8340-42 OLIVE BLVD. 

ST. LOUIS, MO 63132 
800-325-3636 
See Our Full Page Ad 
In This Issue. 


MIDCOM ELECTRONICS, INC. 

2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961-9990 

At Midcon you can try before you 
buy! 


Nebraska 


COMMUNICATIONS CENTER, INC. 

2226 NORTH 48 ST. 

LINCOLN, NE 68504 
402-466-3733 

Yaesu, Drake, Tempo, Swan, 

HyGain - call for prices. 


New Hampshire 


EVANS RADIO, INC. 

BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom & Yaesu dealer. 

We service what we sell. 


New Jersey 


ATKINSON & SMITH, INC 

17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since “55”. 


New Mexico 


HAM EQUIPMENT CENTER 

6344 LINN N.E. 
ALBUQUERQUE, NM 87108 
505-268-1744 

Serving New Mexico. Ten Tec 
and Tempo Equipment 


New York 


ADIRONDACK RADIO SUPPLY, INC. 

185 W. MAIN STREET 
AMSTERDAM, 1 NY 12010 
518-842-8350 

Yaesu dealer for the Northeast. 


CFP COMMUNICATIONS 

211 NORTH MAIN STREET 
HORSEHEADS, NY 12010 
607-739-0187 

Jim Beckett, WA2KTJ, Manager 
Bryant Hozempa, WB2LVW, Sales 


GRAND CENTRAL RADIO 

124 EAST 44 STREET 
NEW YORK, NY 10017 
212-682-3869 

Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 


HARRISON 

"HAM HEADQUARTERS, USA” 

ROUTE 110 & SMITH STREET 
FARMINGDALE, L. I., N. Y. 11735 
516-293-7990 

Since 1925 . . . Service, Satisfaction, 
Savings. Try Us! 


RADIO WORLD 

ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
315-337-2622 

New & used ham equipment. 
See Warren Spindler, K2IXN. 


Ohio 


UNIVERSAL SERVICE 

114 N. THIRD STREET 
COLUMBUS, OH 43215 
614-221-2335 

Give U.S. a try when ready to buy. 


Oklahoma 


RADIO STORE, INC. 

2102 SOUTHWEST 59th ST. 

(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 

New and used equipment — 
parts and supply. 


Pennsylvania 


ELECTRONIC EXCHANGE 

136 N. MAIN STREET 

SOUDERTON, PA 18964 

215-723-1200 

New & Used Amateur Radio 

sales and service. 


"HAM" BUERGER, INC. 

68 N. YORK ROAD 
WILLOW GROVE, PA 19090 
215-659-5900 

Communications specialists. 
Sales and service. 


HAMTRONICS, DIV. OF 
TREVOSE ELECT. 

4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same location for 25 years. 


South Carolina 


AMATEUR RADIO ELECTRONICS 

100 STATE ST. 

WEST COLUMBIA, SC 29169 

803-796-7957 

Featuring Swan Equipment 


Tennessee 


J-TRON ELECTRONICS 

505 MEMORIAL BLVD. 
SPRINGFIELD, TN 37172 
615-384-3501 
Ten-Tec dealer — call or 
write for best trade. 


Texas 


AGL ELECTRONICS 

3068 FOREST LANE, SUITE 309 
DALLAS, TX 75234 
214-241-6414 

Having trouble finding equipment? 
Come on in today! 


HARDIN ELECTRONICS 

5635 E. ROSEDALE 

FT. WORTH, TX 76112 

817-461-9761 

Your Full Line Authorized 

Yaesu Dealer. 


Virginia 


ARCADE ELECTRONICS 

7048 COLUMBIA PIKE 
ANNANDALE, VA 22003 
703-256-4610 

Serving Maryland, D.C., and Virginia 
area since 1962. 


Wisconsin 


AMATEUR 

ELECTRONIC SUPPLY, INC. 

4828 WEST FOND du LAC AVENUE 
MILWAUKEE, Wl 53216 
414-442-4200 

Open Mon & Fri 9-9, Tues, Wed, 
Thurs, 9-5:30, Sat, 9-3. 


Wyoming 


DENCO COMMUNICATIONS CENTER 

1728 EAST 2nd STREET 
CASPER, WY 82601 
307-234-9197 
Sales, Service to Wyoming 
and the Northern Rockies. 
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brochurv 


ICOM — Simply The Best! 


I have enclosed $235.00 plus $5 00 shipping and 
handling (add applicable state and local taxes) m 
check or money for each MEK6800D2 Micro¬ 
processor Design Kit II Please send-Kit(s) 


Please print clearly — Make checks payable to 
Motorola Inc. 


MOTOROLA 

S«»»t«conduc(or RrtxJuctm Inc. 


BITS, BYTES 
& BALONEY! 


12 Button Touch Tone Encoder, 90 day 
guarantee $14.00 

Plastic Mounting Box for ITT, S/C. WECO. 
or A.E. pads, Black. Gray, or Beige $4.75 
Complete System with cable (battery not 
included) $24.95 

Complete System as above but with 
speaker, amplifier, and battery $39.95 
Transmitter keying circuit (100 ma max) 
with delay drop out feature installed in 
each system $7.50 




(Hi 


TELEPHONE EQUIPMENT COMPANY 

Post Office Bo* 596, Lwsburg, Florida 32748 
19041 728-2730 


Add $5 00 (or Base Recepticle 


801-533-0101 


For all of you non-aficionados of the Computer 
Art. .. . 


BIT — an electrical signal or logic level (like 
the zero or one ot the Binary numbering system) 
— Motorola’s M6800 is an 8-bit MPU. 


BYTE a set of eight electrical signals, or 
logic levels (bits) — The M6800 is capable ol 
addressing 65,000 bytes ot memory. 


BALONEY — the state-of the MPU-art that says 
that you must be a trained computer expert to 
use a Microprocessor in a practical manner. 
More and more "individuals" are becoming self- 
styled computer ‘experts’ at home, with their 
own MPU kits. They are doing things that others 
said, "couldn't be done, ” (lust because they 
forgot to ask). 


NOW'S YOUR CHANCE - for only $235.00 (plus 
$5.00 postage and handling) you can order your 
MOTOROLA M6800 MICROPROCESSOR EVALUA 
TION DESIGN KIT. directly from Motorola. 


IT’S A COMPLETE KIT the MEK680002 Kit 
has all the parts necessary to complete the sys¬ 
tem and get "On The Air,” except tor the Power 
Supply. It includes: 
o (1) MC6800 Microprocessing Unit 
o (2) MCM6810 — 128 x 8 Static RAMs 
o (2) MC6820L — PIA’S 
o (1) MC6830L — Program ROM 
o (1) MC6850L — ACIA 
o (2) Printed Circuit Boards 
o (1) MC6871 — Clock 
o (1) 6-Digit Seven Segment Display 
o (1) 24-key Keyboard 
o Complete kit of resistors, capacitors, 
sockets, circuits, etc. All the parts 
necessary to the system, but the Power 
Supply. 


THE M6800 MPU KIT FEATURES 

o 24-key Keyboard 
o 7 Segment Display 
o Cassette Interface 
o EROM Expandable 
o RAM Expandable 
o Wire Wrap Capability 
o Parallel & Serial 
o Interface Capability 
o Single 5-Volt Supply Required 
o Layout on Boards 
o Documentation 


IF YOU’RE READY FOR 
A MICROPROCESSOR 
- THE M6800 IS 
READY FOR YOU! 

Send your order in today 
lor one of the most 
powerful MPU Kits on 
the market. Fill in the 
order form below and 
mail It with your check 
to: 

MOTOROLA 
MPU KIT SALES 

Department HR 
P.0. Box 27605 
Tempo, AZ. 85282 


Radio 
Amateurs 
Reference 
Library 
of Maps 
and Atlas 


WORLD PREFIX MAP — Full color, 40“ x 28”. 
shows prefixes on each country . DX /ones, 
time /ones, cities, cross referenced tables 

$1.25 

RADIO AMATEURS GREAT CIRCLE CHART OF 
THE WORLD — from the center of the United 
Stalest Full color, 30" x 25". listing Great Cir 
cle bearings in degrees lor six major U S. cities; 
Boston. Washington. DC , Miami, Seattle, San 
Francisco & Los Angeles. $1.25 


• Knows technology by engineering 
education and experience. 

• Knows the media you need by 
millions of $ invested. 

• Knows the editors who help 
by years of friendship. 

• Knows your marketing channels 
by dealing with all types. 

• Knows how to Improve response 
of ads, mailings, salesmen 

Broihier was an EE major in 
college, an engineer, is a 
grad of one of the best ad 
colleges, has an MBA in 
Marketing, was an AE in an 
agency directed Heathkit 
advertising for years, has 
created ads which have 
sold over $500 million in 
electronics products alone! 

To make your ad dollars more 
effective, to get an agency that 
knows electronics, call or write: 

earl broihier advertising 

phone (616) 083-0688 
p.o.box 707, BOB pleasant street, suite 212 
st. Joseph, mlchl^an 49085 


RADIO AMATEURS MAP OF NORTH AMERICA! 

Full color, 30" x 25" — includes Central Amer¬ 
ica and the Caribbean to the equator, showing 
call areas, /one boundaries, prefixes and time 
/ones, FCC frequency chart, plus useful Informa 
lion on each of the 50 United States and other 
Countries $a.25 


WORLD ATLAS - Only atlas compiled for radio 
amateurs. Packed with world wide information 
— includes 11 maps, in 4 colors with /one 
boundaries and country prefixes on each map. 
Also includes a polar projection map of the 
world plus a map of the Antarctica — a com¬ 
plete set of maps of the world. 20 pages Size 
8 Vi . 12” 52.50 


See your favorite dealer or order direct. 
Mail orders please include $1.25 per order 
for shipping and handling. 

RA0I0 AMATEUR III i 

callbookiNc 


Dept. E 925 Sherwood Drive 
Lake Bluff, III 60044 


*** PACKAGE DEALS *** 


*1. Buy an IC-245 at the regular price 

F and get the TOUCH TONE HAND- 
R SET FREE 

E IC-245 Ready to Go $499.00 

E 

42 HANDSET ONLY $79.00 

Requires wiring accessory socket 
on IC-245 & IC-22S 


Immediate Delivery From Slock 


Write or call tor special prices on ICOM 
Gear without Touch Tone Handsets 


24-hour Message Recorder 
801-486-7784 


MR. MANUFACTURER: 


Tired of wasting your ad 
dollars and your time 
with an ad agency that 
doesn’t know electronics? 


EARL BROIHIER ADVERTISING 
knows electronics 
in depth! 


Complete reference library of maps — 
as listed above 


set of 4 

$3.75 


«3. 


TOUCH TONE 

IC-22S 
Handset 
You pay only 
Ready to go 


HANDSET with 
$299 00 
30 00 

$329.00 


UTAH FM SALES. INC. 

1588 MAJOR STREET 
SUITE #202 

SALT LAKE CITY, UTAH 84115 
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ADVA 


KIT $11^ 

ASSEMBLED $17.95 
ADD $1.25 FOR 
POSTAGE/HANDLING 


VARIABLE POWER SUPPLY 

• Continuously Variable from 2V to over 15V 

• Short-Circuit Proof 

• Typical Regulation of 0.1% 

• Electronic Current Limiting at 300mA 

• Very Low Output Ripple 

• Fiberglass PC Board Mounts All Components 

• Assemble in about One Hour 

• Makes a Great Bench or Lab Power Supply 

• Includes All Components except Case and Meters 


OTHER ADVA KITS: 


UXMC MOM KIT IM a»t» LIMA TTl. OH. MTl. Mil. H.NH ral m 
Ml m puM>ii> >m>al an) a wnxmi IVm on** • >m m 

MM OwaJ HO -Mtuol Cwnptaw l« hMm tarn -%l «»■•> Mi 
TIMID MGULATID TOMN WMIT KIT* Bwrltutvn IN 

l>M*y fa wfl UN li KU >^Ma« «* 0 *\ »«• diK M * 

AwiM '» *V * SOt>-A fry « V»"A wy • MfrnA 'TV • 4. 
»*>-* «IUMl»nonl»iB| 


•MAII SOW1 I III I DATA WHITS iW» Ira*. «m <U »HI I u* 

AIOIICST 141 Om Amp •«•> mi i>l K » -w. 149 IW Op Amp m m I 100 

Ml i mil mi —it— al |I0p pH"mt«ip«i *<» I'll 1I ft" *•" m mntm 
CMKHR T DO A V All >«r*n itpcl i»m Hh — l»«*. «4|m V. .*rap» —m . 


WniTI TOR INK CATALOG KM nll»«« a 
hnl 1)4 up- v 

* I KM* Iw4 t*im> m ppm —dm Hi S *imd>l « 
Crab pm M*imo Inup art Mil f I 00 Np4I 


MORE SPECIALS: ^ 

HC41950N 15V ft 50mA VOLTAGE REGULATOR 1C Very *«ty To 

UN Mphpt » up al ITiftily HryuliMri 15V Supply lo* OM AMP % He 
Hpijumpi only umpvuUlpd DC 11 ■ 30 VI «nd 2 try (mm* cApacitm* 
Wuh Dili Shwl aid SU«nHlin 8 pm mOlP SliS 

LM741 FHEO COMPENSATED OP AMP A/41 MCI 741 He mOIP 5 *1 
MC1458 DUAL 741 OP AMP mOIP 3.11 

HC4556 DUAL 741 OP AMP mOIP J $1 

2N3904 NPN TRANSISTOR AMPl I TIER'’SWITCH lo 50 mA . 100 611 

ZENERS StiKity Volt** 3 3. 3 9 4 3. 5 1 6 8 8 2 400...W 411 00 
9 1 10 12. 15. 16. IS 20 22 74. 77 or 33V l 10\l 1 Man XII 00 

• MONEY BACK GUARANTEE 

• ALL TESTED AND GUARANTEED 

ADVA 

m m wm m electronics 

BOX 4181 0. W00DSIDE, CA 94062 

Tel. (415) 851 0455 


FREE 


IC or FET s WITH 
SS & $10 ORDERS T 
DATA SHEETS 
WITH MANY ITEMS 


01001$ TRANSI! 

ZENERS 6 nm 
RECTUM NS 7«M| 
H4»ii ... turn 
t mw mu 

• m«).. __ ;«i»u 


I CM41 MM 

I env MM 

I cnvi MM 

1 I IM 411 

I lift 111 

I lift 111 

I Kin MM 

1 MPT HI 


aii nm. j 

IMUIMT M J 

ini ;inh an i 

1111 M»MM 14 i 

ini iumr *ii j 

111! MMU ft M J 

I All 1*1**) 111 1 

I All MMM • II ; 

1*11 INI***" i 

IVft mui * i 

I1HU ill I 

7 A1AM* *11 I 

IVft JKM41 *11 ; 


I MPtt*1* 111 

I MINI *11 

I HIM) 411 

1 MINI 411 


IMMAK* ftl* 
IMMAT* IT* 
IN14II • i ;* 
IMM11 II I It 
IMMA1 I* I l\ 
tMMAT 71 I »* 
IMJfW M 
I Ml DA IM 
l MIAMI II* 

Al ***V 111 

Al MA* MM 

i much n 

IMTMCA n 
IMD1M 111 
IM77IA* Jit 
IMTMA ft M 

I WHICH )11 

IMMICA* 411 
IMMICAI* H 
IMIHCA »* 
l«ACJ DM 1* 
l«9CJ 0M I M 


jlMMUA* 111 
UftlllA ft 4* 
IRIUACr IW 


VARACTORS lAMft 
INtlNi. IAMM 

INI'44 u IAM71 

I t>S I44WH. ** I 7A1I77 

I»IDMHi || 11 AMI) 


min *11 

!A*lt) 111 
7A*i*r t* M 
1 IMIM IM 

I 1**11* Ill 


, 7A***I 111 I 

IAMM Mill 


I LINEAR IC • 

I I NIMH 11 W 
I IM3A1AA II 


AC4IMIK* IM 
AC4IIA0A* II* 
AC4IMTK* II* 
iMIItACA IM 


♦super SPECIALS: 


IN914 100V 10mA DkxI* 
1N4001 1O0V1A Rpcf 
IN4154 30V 1N914 
BR1 50V HA Rpc 
2N7727A NPN 1*«n*«to* 
2N2907 PNP TfamHlof 
7N1llV.7rm». Xi»ln» 10A 
2N3904 NPN Amp'S* . 100 
2N3906 PNP Amp Sw 100 
CP650 Putwr FET '.Amp 


MPF 107 200MIU RF Amp 1*1 

40673 MOSFET RF Amp SI 75 
LM324 Quad 741 Op Amp 84 

LM376PO* Voh Ra«mDIP 55 

Nf 555 T .run mOIP 2J$1 

LM773 2 37V Rp* DIP 3*1 

l M/41 Comp Op Amp mOIP 4*1 
IM1458 Dual 741 mOIP 3*1 

CA3086 5 Trant Aiiay DIP 56 

RC4195DN 15V’50mA mOIP 125 


HF391 RE Po**i Amp Tiamoiui 10 25«V ft 3 30MH/ TO 3 *5 00 

555X Timp 1^» Dm OiIInwiI pmoul liom 565 (w/Uata) 3*1 

HC4194TK Dual Tim*mi« Rp«ulalui 0.2 lo 30V *• 200mA TO66 S2 50 
MC4I95TK Dual Tiac*M*y RhiuUioi 15V m 100mA (TO 60) S2 25 

8038 Wamloim OmniliM W«i With Cwcuiti & Data 83 75 


RSGB 

announces the 

NEW Filth Edition of the 

RADIO 

COMMUNICATION 

HANDBOOK 


radio 

communication 

handbook 
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no other choice... 

It's simply the best Handbook available! 

First published in 1938. the Radio Communication Handbook is the world's 
largest and most comprehensive textbook on the theory and practice ot 
amateur radio The test has been completely revised and reset for this tilth 
edition, and chapters on image and satellite communication have been 
added which reflect the current interest in these tields. Although written 
primarily tor the amateur radio operator, the authoritative treatment of the 
subiect matter will also ensure that the book finds a place on the shell ot the 
professional radio engineer 


Volume 1 


1 PRINCIPLES 

2 ELECTRONIC TUBES AND VALVES 

3 SEMICONDUCTORS 

4 HF RECEIVERS 

5 VHF AND UHF RECEIVERS 


6 HF TRANSMITTERS 

7 VHF AND UHF TRANSMITTERS 

8 KEYING AND BREAK-IN 

9 MODULATION SYSTEMS 
10 RTTY 

Order RS-RCHI $11 


Volume II 


11 PROPAGATION 

12 HF AERIALS 

13 VHF AND UHF AERIALS 

14 MOBILE AND PORTABLE EQUIPMENT 

15 NOISE 

16 POWER SUPPLIES 


17 INTERFERENCE 

18 MEASUREMENTS 

19 OPERATING TECHNIQUE AND STATION 
LAYOUT 

20 AMATEUR SATELLITE COMMUNICATION 

21 IMAGE COMMUNICATION 


Both \ 


Both volumes available 

rt Regularly $35.45 

Lr/SAVE OVER 15% 
^ Now Only $29.95 


Order RS-RCH2 


\ 


Ham Radio's 

Communications 

Bookstore 

Greenville. NH 03048 



R-X NOISE BRIDGE 


\ 



CFP... FOR ALL YOUR AMATEUR NEEDS 


ATLAS 

CUSHCRAFT 

CIR (ASTRO 200) 

DENTRON 

DRAKE 


ICOM 
TEMPO 
TEN TEC 
YAESU* 


m YAESU FT101E 

REMEMBER. YOUR DEALER IS RESPONSIBLE FOR WARRANTY REPAIRS DURING WARRANTY PERIOD 
Mail Orders accepted. N. Y. residents add sales tax. SASE will get our list of used Amateur 
Equipment. 

?S D trS CFP COMMUNICATIONS 

WA2KTJ 211 N0RTH MAIN STREET ■ Frl. 4 Sal. subject to 

‘,, HORSEHEADS, N. Y. 14845 Manifest weekends 

WB2LVW W PHONE: 607-7394)187 Closed Sun. 6 Mon. 


WB2LVW 


V Learn the truth about 
your antenna. 

V Find its resonant 
frequency. 

V Adjust it to your 
operating frequency quickly 
and easily. 

If there is one place in your station 
where you cannot risk uncertain 
results it is in your antenna. 

The Palomar Engineers R-X Noise 
Bridge tells you if your antenna is 
resonant or not and, if it is not, 
whether it is too long or too short. 
All this in one measurement 
reading. And it works just as well 
with ham-band-only receivers as 
with general coverage equipment 
because it gives perfect null 
readings even when the antenna is 
not resonant. It gives resistance and 
reactance readings on dipoles, 
inverted Vees, quads. beams, 
multiband trap dipoles and 
verticals. No station is complete 
without this up-to-date instrument. 

Why work in the dark? Your SWR 
meter or your resistance noise 
bridge tells only half the story. Get 
the instrument that really works, 
the Palomar Engineers R X Noise 
Bridge. Use it to check your 
antennas from 1 to 100 MHz. And 
use it in your shack to adjust 
resonant frequencies of both series 
and parallel tuned circuits. Works 
better than a dip meter and costs a 
lot less. Send for our free brochure. 

The price is $49.95 and we deliver 
postpaid anywhere in U.S. and 
Canada. California residents add 
sales tax. 

Italy write i2VTT, P.O. Box 37, 
22063 Cantu. Elsewhere send 
$52.00 (U.S.I for air parcel post 
delivery worldwide. 

Fully guaranteed by the originator 
of the R-X Noise Bridge. ORDER 
YOURS NOW! 


PALOMAR 


BOX 455, ESCONDIDO. CA 92025 
Phone: (714) 747 3343 
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DIGITAL TONE ENCODERS 

crystal controlled digital integrated circuit 

DIGIT RAN KEYBOARD F0» Ml-REl AND GREATTEEt 
CONNECTS DIRECTLY 10 YOUR BATURY AND HUE 
WITH no standby rower drain 
NO NEED TO HUNT F0« TRANSMIT POWER ETC 

HT 220 ENCODER FRONTS 


FULLY ASSEMBLED AND TESTED TONE ENCODER FRONTS 
JUST ADO YOUR MIKE. SPEAKER. AND HARNESS 
NO EXTRA WIRING TO THE RA010 CHASSIS 

TONE ENCODER PADS 

THE SAME HIGH QUAlITY PAD USED IN OUR HT-220 
FRONTS 


WATCH OUR AD FOR NEW PRODUCT 
ANNOUNCEMENTS 


GROUP DISCOUNTS ARE AVAILABLE 


B K PRODUCTS 

PO SOI Ml 
HARBOR CITY. CA B07I0 


PRICES 

HT -220 FRONTS 

45QMH7 SW $84.SO 

All OTHERS $74.SO 

SEND DESCRIPTION OF YOUR 
RADIO WITH ORDER 

TONE ENCODER PADS 
ASSEMBLED AND TESTED S4S.00 
KIT $39.50 

CAL RES ADD 6 t«> 


'subaudible 

for FM 


GENERATOrWIEAHN dadio coot 


• Inexpensive multi 
tone encoder 

• Compatible with 

PL-CG-QC 

• Low distortion 
sinewave 

. Input 8-18 VDC 
unregulated • >MJ 

• Rugged, plastic 
encased with 
leads 

. Adjustable frequency 
(98-250 Hz), Lower 
available 

• Excellent stability 

Send tor more info 



i 


* 9.95 


THE EASY WAY! 

Based on modern 
psychological techni¬ 
ques — This course will 
take you beyond 13 
w.p.m. in 

LESS THAN 
HALF THE TIME! 


Price $19.95 

Freq. set at 
factory 
$5.00 extra 


• No Books To Read 

Album contains • No Visual Gimmick. 

thrpp 1?" I P's To Distract You 

llli KB L Lr 5 » j u »t Listen And Learn 

2% hr. instruction 

Available In Cassette also for only $10.95. 


T roducts 

PO Bo. 7083 Sonlo Cloro C» 9S0SL, 




CURTIS KEYER 
CHIP $24.95 


8043:1C only, 50-up group rati .$ 7.95 

8043-1; 1C. rCB, Manual .$ 24.95 

8043-2; SemUtH .$ 49.95 

Add tor air pottage and handling ... S 1.50 
(See Feb75CQ. Apr 75HR Fpb760ST.Radio Handbook 751 
KB4200 Keyboard Keyer (Oct 74 QST) .. $549.95 
EK420/KM420 Keyer/Memory (Oct 73 QST) $439.90 
EK430 CMOS Keyer (Feb 76 QST) — $124.95 

IK440 Inatructokeyer (Mar 76 OST) .$224.95 

Curtis Electro Oevicet Inc. 

(4151 964 3136 

Boi 4090 Mountain Via* CA 94040 


EpSIlON Qft] RECORDS 


508 East Washington St., Areola, IL 61910 


COPY MORSE CODE 

with the new MVD-1000 
MORSE VIDEO DISPLAY 

• Enjoy Morse Code copy on your TV 
screen 

• Displays letters, numbers, and 
punctuation 

• 16 lines of 32 characters per page 

• 2 page display with Recall feature 

• Automatic scrolling 

• Automatic or Manual speed control 

• Copy Morse Code from 6*60 WPM 

• Easily connects between receiver and 
TV set 

Write for more information 

MK-1 Memory Keyer $169.95 

CMOS PCB Keyer $24.95 

DGM ELECTRONICS 

787 BRIAR LANE, BELOIT, WIS. 53511 






















master charge 
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em $ 289 . 


Bearcat c 1 10 Features 


• Cry*fal-les* — Without ever buying a crystal you can 
select from all local frequencies by simply pushing a few 
buttons 

• Decimal Display See frequency and i hannel 
number—no guessing who's on the air 

• 5-Rand C overage Includes Low High UHF and UHF 
T - public service hands the 2 meter amateur (Ham) 
band plus other UHF frequencies 

• Deluxe Keyboard — Makes frequency selection as easy 
as using a push button phone Lets you enter and 
change frequencies easily try everything there is to 
hear 

• Patented Track Tuning—Receive frequencies at toss the 
full band without adjustment Circuitry is automatically 
aligned to each frequency monitored 

• Automatic Search -Seek and find new exciting 
frequencies 

• Selective Scan Delay—Adds a two second delay to 
prevent missing transmissions when "calls" and 

answers" are on the same frequency 

• Automatic Lock-Out -Lexks out channels and skips 
frequencies not of current interest 

• Simple Pn>gramming Simply punch in on the 
keyboard the frequency you wish to monitor 

• Space Age Circuitry -Custom integrated circuits a 
Bearcat tradition 

• UL Listed/FCC Certified Assures quality design and 
manufacture 

• Rolling Zeros - This Bearcat exclusive tells you which 
channels your scanner is monilonng 

• Tone By-Pass -Scanning is not interrupted by mobile 
telephone tone signal 

• Manual Scan Control —Scan all 10 channels at your 
own pace 

• 3-Inch Speaker -Front mounted speaker for more 
sound with less distortion 

• Squelr h Allows user to effectively block out unwanted 
noise 

• AC/ DC —Operates at home or in the car 


Bearcat c'lu 
Specifications 

Frequency Reception Range 

Low Band 32—50 MHz 

• Ham' Band 146—148 MHz 

High Band 148—174 MHz 

UHF Band 450—470 MHz 

“T Band 470—512 MHz 

"Also receives UHF from 416—450 MHz 
Size 

10V Wx3 Hx7VD 
Weight 
4 lbs 8 oz 

Power Requirements 
117V ac 11W. 13 8Vdc,6W 
Audio Output 
2W rms 

Antenna 

Telescoping (supplied) 

Sensitivity 

0 6/zv lor 12 dB SINAD on L & H 
bands 

U bands slightly less 

Selectivity 

Better than 60 dB @ * 25 KHz 

Scan Rate 

20 channels per second 

Connectors 

External antenna and speaker. AC & 

DC power 
Accessories 

Mounting bracket and hardware 
DC cord 


COMMUNICATIONS 
ELECTRONICS 

Box 1002, Dept. 23 

Ann Arbor, Michigan48106USA 


BankAmericaro I 


The Bearcat* 210 is a sophisticated 
scanning instrument with the ease of 
operation and frequency versatility 
you've dreamed of. Imagine, selecting 
from any of the public service bands 
and from all local frequencies by 
simply pushing a few buttons. No 
longer are you limited by crystals to a 
given band and set of frequencies. It's 
all made possible by Bearcat spaceage 
solid state circuitry You can forget 
crystals forever 

Pick the 10 frequencies you want to 
scan and punch them in on the 
keyboard It’s incredibly easy. The 
large decimal display reads out each 
frequency you've selected. When you 
want to change frequencies, just enter 
the new ones. 

Automatic search lets you scan any 
given range of frequencies of your 
choice within a band Push-button 
lockout permits you to selectively skip 
frequencies not of current interest. 
The decimal display with its exclusive 
“rolling zeros" tells you which 
channels you're monitoring When the 
Bearcat 210 locks in on an active 
frequency the decimal display shows 
the channel and frequency being 
monitored. 

With the patented track-tuning 
system, the Bearcat 210 automatically 
aligns itself so that circuits are always 
"peaked'' for any broadcast. Most 
competitive models peak only at the 
center of each band, missing the 
frequencies at the extreme ends of the 
band 

The Bearcat 210's electronically 
switched antenna eliminates the need 
for the long low band antenna And a 
quartz crystal filter rejects adjacent 
stations as well as noise interference. 

Call toll free 800-521 -4414 now to 
place a BankAmericard or Master- 
charge order. This is our 24 hour 
phone to our order department and 
only orders may be processed on this 
line. To order in Michigan or outside of 
the U.S. dic.1 313-994 4441. 

Add $5.00 for U.S shipping or $9.00 
for air UPS to west coast. Charge cards 
or money orders only please. Interna¬ 
tional orders invited. Michigan resi¬ 
dents add tav. Please write for 
quantity pricing. 


More Details? CHECK-OFF Page 126 
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NEW! 1C KEYER 


The World's Greatest 
Sending Device 



k4ryr ORLANDO, FLA. 

KLM • HY-GAIN • CUSHCRAFT 
MINI-PRODUCTS • SHURE 
ASTATIC • BEARCAT-210 and More! 


BOB 

W4YYS 


LAFAYETTE RADIO ELECTRONICS 

1811 HWY 17-92, MAITLAND, FL. 32751 
' 3 &. 305831-2271 


ASSOC. 

STORE 


Adjustable to Any 
Desired Speed 

Now available from Palomar 
Engineers - the new Electronic 
1C KEYER. Highly prized by 
professional operators because it 
is EASIER. QUICKER, and 
MORE ACCURATE. 

It transmits with amazing ease 
CLEAR. CLEAN CUT signals at 
any desired speed. Saves the 
arm. Prevents cramp. and 
enables anyone to send with the 
skill of an expert. 

► SPECIAL ^ 

RADIO MODEL ^ 

Equipped with large specially 
constructed contact points. 
Keys any amateur transmitter 
with ease. Sends Manual. 
Semi-Automatic, Full 
Automatic. Dot Memory, 
Squeeze, and lambic — MORE 
FEATURES than any other 
keyer. Has built-in sidetone. 
speaker, speed and volume 
controls, BATTERY 
OPERATED, heavy shielded 
die-cast metal case. FULLY 
ADJUSTABLE contact spacing 
and paddle tension. The perfect 
paddle touch will AMAZE you. 

Every amateur and licensed 
operator should know how to 
send with the 1C KEYER. 
EASY TO LEARN. Sent 
anywhere on receipt of price. 
Free brochure sent on request. 

Send check or money order. 
1C KEYER $97.50 postpaid in 
U.S. and Canada. 1C KEYER 
LESS PADDLE and non skid 
base S67.50. Add 6% sales tax 
in California. 

Italy write i2VTT. P.O. Box 
37, 22063 Cantu. 

Fully guaranteed by the 
world's oldest manufacturer of 
electronic keys. ORDER 
YOURS NOW! 


PALOMAR 


TONE ENCODER PAD 


DIGITRAN" Keyboard 
Output Level Set Pot 
Crystal Controlled-Digitally 
Synthesized Tones 
Strapping for Hi-Low Z Output 
Internal 5 V. Regulator 
Supply Voltage Range 7 to 24 V. 
RFI Suppression 
Velcro and Case Included 
Size 2.80 - 2.00 - 0.60 Inches 


$54.95 

POSTPAID 
IN U.S.A. 

TEXAS RESIDENTS 
ADD 5% SALES TAX 
CHECK OR M.O. 

SEE UP COMING AD FOR NEW 
AUTOMATIC UNIT: ATD-70 
2 NUMBERS, FIELD PROGRAM- 
MABLE $79.95 

SATISFACTION 

GUARANTEED 


CA.ENG 


CLENG ELECTRONICS COMPANY 
BOX 12171 DALLAS ,TEX AS 75225 


RECEIVER MODULE KIT 



BOX 455, ESCONDIDO, CA 92025 
Phone: (714) 747 3343 


Use this module as the hear! ol your homebrew 
receiver or transceiver Your direct conversion 
receiver can have excellent sensitivity and still reiecl 
strong signals Module operates Irom 9 to 15 volts 
with low idle currenl drain Up lo 1 wall output 
drives your speaker or headphones Use with your 
VFO or build one Irom our kit 
Receiver module kit 39 95 ppd 

VFO module kll 29 95 ppd 

speedy 80 or 40 meters with order 
ORDER FROM 

DIRECT CONVERSION TECHNIQUE 
3132 North Lowell Avenue 
Chicago. Illinois 60641 


WORLDS ONLY 
WEEKLY DX MAGAZINE 

CURRENT DX NEWS COMING 
EVENTS OATES FREQUENCIES ■ 
TIMES • ALL THE NEWS IN DEPTH 
160 METERS TROUGH 10 METERS 
• DX CONTEST INFO & CLAIMED 
SCORES MONTHLY PROPAGATION 
PREDICTIONS DX HONOR ROLLS. 

OX NEWS IS OUR BUSINESS 

THE DX'ERS MAGAZINE 

(Gus M. Browning, WABPD) 
Drawer “DX" 

CORDOVA. S. C. 29039 

WE ALSO PRINT QSL CARDS - FREE 
SAMPLES & PRICE LIST UPON RE¬ 
QUEST - WE PRINT ALMOST ANY- 
THING ELSE YOU NEED TOO • PRICES 
RIGHT 


TRAGIC WASTE OF RF 

could be your fate as precious watts zig-za9 round 
the world to shower just a little — or little or 
none — on that hoped for DX station. BUT WE 
HAVE AN ALTERNATIVE — THE JOYSTICK VFA 
(Variable freq. ant.), which gives low angle, omni¬ 
directional, harmonic free radiation on all bands 
160 thru 10 <-f MARS and receive on all BC & 
SW). Stalwarts W6TYP and G4DJY achieved 
notable results in contests — just to mention two 
of the many who have sent glowing reports of the 
VFA in use, often in poor QTH and/or under QRP. 

SYSTEM ‘A’ $75.00 Receiving Only 

CVCTTU • I* COO nn 500W P.E.P. &/or lm- 
oToIlIYI J OJJ.UU proved Q Factor Receive 

Air Mail cost included 

(each system 3 sections easily assembled to make 
unit 7' 6" long Matching ATU.) Not only will 
you save space but you will save $S$ at present 
low exch rate and by buying direct UK manuf. 
Rush your order — Mastercharge or check, or 
ask for brochure. 

PARTRIDGE (HR) ELECTRONICS LTD. 

BROADSTAIRS, KENT, ENGLAND 
G3CED TEL THANET 62535 G3VFA 


WANTED FOR CASH 



4CX150 4CX1000 4-65 4-250 

4CX250 4CX1500 4-125A 4-400 

4CX300A 4CX3000 4-1000 

4CX350A 4CX5000 304TL 

4CX 10,000 
5CX1500 

Other tubes and Klystrons also wantad. 

The Ted Dames Company 

308 Hickory St. Arlington, NJ. 07032 
(201) 998-4246 Evenings (201) 998-6475 













SPECIALS FROM 


Fairchild VHF Prescaler Chips 

11C01FC High Speed Dual 5-4 Input no/nor 15.40 

11C05DC 1 GHz Counter Divide by 4 74.35 

11C05DM 1 GHz Counter Divide by 4 110.50 

11C06DC UHF Prescaler 750 MHz D Type flip/flop 12.30 

11C24DC Dual TTL VCM same as MC4024P 2.60 

11C44DC Phase Freq. Detector same as MC4044P 2.60 

11C58DC ECL VCM 4.53 

11C70DC 600 MHz flip/flop with reset 12.30 

11C83DC 1 GHz 248/256 Prescaler 29.20 

11C90DC 650 MHz Prescaler Divide by 10/11 16.00 

11C90DM same as above except Mil. version 24.00 

11C91DC 605 MHz Prescaler Divide by 5/6 16.00 

11C91DM same as above except Mil. version 24.00 

95H90DC 350 MHz Prescaler Divide by 10/11 9.50 

95H900M same as above except Mil. version 16.50 

95H91DC 350 MHz Prescaler Divide by 5/6 9.50 

95H91DM same as above except Mil. version 16.50 

Batteries 

Gel-Cell 12 volts at 1.5 Amp Hr. #GC-1215 $19.95 

Crystals JUST ARRIVED! These radios have just been 

1.000000 MHz 4.95 pulled out of service. Set up for approx. 150 MHz. 

5.000000 MHz 4.95 Clean. All tubes included. No accessories. Prices 

3579.545 KC 2.95 FOB Phoenix. 

10 MHz $4.95 Motorola U43 GGT $49.95 

GE TPL $99.95 

GE MT-33 $39.95 

GRC10 Radio Set $169.95 


electronics 


Motorola MC14410CP CMOS tone Generator uses 1 MHz Crystal to 
produce standard dual frequency telephone dialing signal. Directly compatible with 
our 12 key Chomeric pads. Kit includes the following. 

1 MC14410CP 

1 1 MHz Crystal 

1 Printed Circuit Board (From Ham Radio Sept. 1975) 

And all other parts for assembly. NOTE: Touch Tone Pad not included! $15.70 

Fairchild 95H90DC Prescaler divide by 10 to 350 MHz. Will take any 35 
MHz Counter to 350 MHz. Kit includes the following. 

1 95H90DC 

1 2N5179 

2 UG-88/u BNC's 

1 Printed Circuit Board 
And all other parts for assembly. 

$29.95 

Fairchild 11C90DC Prescaler divide by 10 to 650 MHz. Will take any 65 
MHz Counter to 650 MH 2 or with a 82S90 it will divide by 10/100 to 650 MHz. 

This will take a 6.5 MHz counter to 650 MHz. Kit includes the following. 

1 11C90DC 

1 2N5179 

2 UG-88/U 

1 MC7805CP 1 Printed Circuit Board and all other parts for assembly. 

1 Bridge 82S90 add $5.70 to total. 

$59.95 

Fairchild 3817 Clock Kit from Ham Radio, Feb. 1976, Pg. 26 — All parts 
included except transformer and case. 12 hour $24.95 24 hour $29.95 


I.C.’* 

8223B 

2102 

$3.00 

$1.99 

1 MuRata 10.7 MHz Ceramic Filters 

#SFW-10.7MA $3.95 

10.7 Narrow Band Crystal Filters 
Type 2194F $7.95 each 

Johanson and Johnson 

Ferrite Beads 

Trimmer Capacitors 


12 for .99 or 

1 to 14 pf. 

$1.95 

120 for 9.99 

1 to 20 pf. 

$1.95 



TRANSFORMERS 


FET’s 


2N3070 

1.50 

2N5460 

.90 

MFE3002 

3.35 

2N3436 

2.25 

2N5465 

1.35 

MPF102 

.45 

2N3458 

1.30 

2N5565 

5.45 

MPF121 

1.50 

2N3821 

1.60 

3N126 

3.00 

MPF4391 

.80 

2N3822 

1.50 

MFE2000 

.90 

U1282 

2.50 

2N4351 

2.85 

MFE2001 

1.00 

MMF5 

5.00 

2N4416 

1.05 

MFE2008 

4.20 

40673 

1.39 

2N4875 

1.75 

MFE2009 

4.80 

40674 

1.49 


TUBES 


2E26 

5.00 

572B/T160L 

25.00 

7377 

40.00 

3B28 

4.00 

811A 

9.95 

8156 

3.95 

4X150A 

15.00 

931A 

11.95 

8908 

9.95 

4X150G 

18.00 

5849 

32.00 

8950 

5.50 

4CX250B 

24,00 

6LQ6 

•4.50 

4-400A 

29.95 

4CX350A/8321 

35.00 

6146A 

5.25 

4-250A 

24.95 

4CX15000A 

150.00 

6146B/8298A 

6.25 

4-125A 

20.95 

DX415 

25.00 

6360 

7.95 

4-65A 

15.95 



6907 

35.00 




F-18X 
F-93X 
F-92A 
N-51X 
Model D-2 

BE-12433-001 

BGH-9 

F-107Z 

P6377 

P6378 

P8196 


6.3vct at 6 amps 
6.5v to 40v at 750 ma. 
6.5v to 40v at 1 amp 
Isolation 115vac at 35va. 

6 5v at 3.3 amps 
6.5v at 3.3 amps 
30v at 15 ma. 

6.3vct at 10 amps. 

12V @ 4A or 24 V @ 2/ 
12v @ 4a or 24v @ 2a 
12v @ 8a or 24v @ 4a 
80vct @ 1.2a 


New Motorola Carbon Micro¬ 
phone Model P-7255A. 

This unit is a “noise cancelling" palm 
type microphone. These mikes come 
with or without cables. Price without 
$19.95 — with $29.95. 


FANS 


Pamotor Fans, Model 4500C 117 
VAC, 60 Hz, 19 w. $7.95 


DIODES 

1N270 Germanium Diodes $7.95/e 
HEP170, 2.5A, 1000 P1V $4.95/20 
Semtech SFMS 20K, 20KV, 10 ma, 
fast recovery $1.26 ea. 

H,P. 612A UHF Signal Generator, 
450 MHz to 1230 MHz $900.00 
H.P. 624B Microwave test set, .6565 
MHz to 7175 MHz $900.00 

Beckman "Eput" meter and Hetero¬ 
dyne Plug-in/Freq. meter DC. to 
1 GHz. $900.00 


2N1561 
2N1562 
2N1692 
2N1693 
2N2631 
2N2857 
2N2876 
2 N 2880 
2N2927 
2N2947 
2N2948 
2N2949 
2N2950 
2N3287 
2N3300 
2N3302 
2N3307 
2N3309 

2N3375/M M3375 
2N3553 
2 N 3571 
2N3818 
2N3824 
2 N 3866 
2N3866 JAN 
2N3866 JAN TX 
2N3925 


TRANSISTORS 


2N3927 
2N3948 
2N3950 
2N3961 
2N4072 
2N4073 
2N4135 
2N4427 
2N4430 
2N4440 
2N4957 
2N5070 
2N5090 
2N5108 
2N5109 

2N5177/MRF5177 

2N5179 

2N5184 

2N5216 

2N5583 

2N5589 

2N5590 

2N5591 

2N5635 

2N5636 

2N5637 

2N5643 


2N5641 

2N5643 

2N5764 

2N5841 

2N5842/MM1607 

2N5849/MM1622 

2N5862 

2N5942 

2N5922 

2N6080 

2N6081 

2N6082 

2N6083 

2N6084 

2N6166 

MRF8004 

HEPS^0l4/76 

HEPS3002 

HEPS3003 

HEPS3005 

HEPS3006 

HEPS3007 

HEPS3008 

HEPS3010 

RCA TA7994 

RCA 40290 


.99 

1B9-504-4 

1.5 to 

5 pf 


.99 

.99 

189-355-5 

1.7 to 

11 * 

Pf 

1.39 

.99 

189-352-5 

1.3 to 

5.4 * 

pf 

1.39 

.99 

■ = Differential 





E. F. Johnson Vair. Capacitors 

189-1-4 1.2 to 4.2 pf .99 

] 89-4-5 1.5 to 9.1 pf .99 

189-5-8 1.7 to 11 pf .99 

189-6-8 1.8 to 13 pf .99 


JUST ARRIVED ! 

Wilcox/Sperry Circuit Boards: 

#118273/6118273 This board has many valuable parts including the following: 

1 each crystal 9.700000Mc 1 each 2N5486 

9.800000MC 5 each 2N5208 

9.900000Mc 4 each 2N4126 

92.734000Mc 4 each 2N3563 

93.134600Mc 2 each 2N4259 

93.535000M: 3 each #189 - 4 - 51 cap 1.5 to 9.1 pf 

93.935300Mc and about 100 more capacitors, resistors, coils 
94.335600Mc etc. Only $19.95 

#118821/6118821 This board has many valuable parts including the 
following: 4 each 16 pin dip sockets 

2 7490 1 7474 

2 74123 1 7400 

1 MC8300 1 DM8820 

1 7405 1 2N4401 

and about 35 more capacitors, resistors, crystals, connector Only $4.95 


We also have the following Wilcox/Soerry circu t boards in stock. 

#118788/6138788 #118374/6118374 #117867/6117867 

#117198/6117198 #117535/6117535 

#118817/6118817 #117752/6117752 


X X ^.iv-t-tux 

and about 35 more capacitors, resistors, crystals, connector Only $4.95 

#118376/6118376 This board has many valuable parts including the 
following: 

4 each MC1213 3 2N3563 

1 MC1234 1 1N4004 

4 MC724/824 and about 38 more capacitors, resistors, 

5 MC790/890 coils, connectors Only $8.95 


electroqicg 


2543 N. 32nd STREET 
PHOENIX, ARIZONA 85008 
PH. 602-957-0786 


NO C.O.D. 


More Details? CHECK-OFF Page 126 
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New! Full 5Kw PEP capability 
beam-mount balun. 

Sealed weatherproof 
Construction 
Stainless steel mounting 
hardware. 


The proven and dependable Palo- 
mar engineers 5 Kw PEP (2 Kw 
CW CCS) balun is now available 
for mounting on your rotary 
beam. With a ratio of 1:1 the 
balun couples coaxial cable to 50 
or 75 ohm balanced antennas. An 
adjustable U bolt provides con¬ 
venient mounting to a 2" mast or 
boom. 

The wire leads from the balun are 
brought out for direct connection 
to the beam's driven element so 
there are no solder lug connec¬ 
tions to go bad in the weather. 


ONLY PALOMAR BALUNS 
HAVE ALL THESE FEATURES 

• RF toroidal core for highest 
etficiency. 

• Teflon insulated wire. 

• Stainless steel hardware. 
Won't rust. 

• Epoxy filled case. Absolutely 
waterproof. 

• White case to reflect the sun. 

• Lightning protection built-in. 

• Wideband 1.7-30 MHz. 


Send for free brochure. 


How many lightweight baluns 
have you burned out already? 
Install the balun that will stay up 
there working year after year 


Order direct. $37.50 postpaid 
U.S. and Canada. California resi¬ 
dents add sales tax. 


BOX 455. ESCONDIDO. CA 92025 
Phone: (714) 747 3343 
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TransCom TONE ENCODERS 


TWO MODELS 
TG-1 single frequency 
TG-3 three frequency 


f 


• Plug in type tone elements 

a Low distortion sinewave elements 

• Excel, temp. & freq. stability 

• Output level control 

• Immunity to RF 

• All EIA freq. avail. 67.0-203.5 Hz 

• 9-16V, reverse polarity protection incl. 


Wired & rested with frequency 
element. TG-3 has 3 elements 
with frequency selection switch. 
Installs easily in most radios. 


TG 1 *24.95 TG-3 *56.95 

Add S3 for each additional lone 
element. 


O. BOX 120, ADDISON, IL 60101 II. residents add 5% sales tax. 


YOUR BEST BUY IN KITS 


ANALOGDIGI LAB 

Mm Features 3 Regulated 

i power Supplies. 3 Out¬ 
fit /•' % put wave forms. 8 digi 
tal level switches. 2 no 
bounce pulser switches. 
8 LEDs with drivers. 1 AP Super strip. 
Easily constructed. Designed by RETS 
Electronic Schools. 

Now only $139.00 


Clock Kit (complete less case) $12.95 

Clock Cabinet $6.50 

or $4.50 with purchase of clock kit. 
Function Generator Kit $10.95 


FREQUENCY U i- f 

COUNTER * f 

7 Digit 0-300 MHz Freq. Counter $99.00 

7 Digit 0-500 MHz Freq. Counter $139.00 

8 Digit 0-30 MHz Counter with options $109.00 

0-300 MHz Prescalcr for 8 Digit Counter $19.95 
0-300 MHz Prescaler with Preamp $29.95 

0-600 MHz Prescaler for 8 Digit Counter $39.95 
Cabinet accessory package available for all of 

the above $24.95 

Anyone of the above kits available pre-assem- 
bled for an additional $50.00. Allow 3-4 weeks 


on assembled units. 


Please add $1.00 Shipping/Handling on any order under $15.00 
Send SASE for flyer. Featuring Electronic components and kits available. 


P. O. BOX 1101 


HAL-TRONIX 

Southgate, Mich. 48195 


(313) 285-1782 


RADIO WORLD ■ SYNTHESIZERS 


CENTRAL NEW YORK’S FASTEST 
GROWING HAM DEALER 


FT-101E TRITON IV 

Featuring — Yaesu. Atlas. Dentron. Ten 
Tec. Swan. Regency. Standard. Tempo. 
KLM, Hy-Gain. Mosley, and Larsen. 

We service everything we sell! Write or call for 
quote. YOU WON'T BE DISAPPOINTED 
We are just a few minutes off the 
NYS Thruway (1-90) • Exit 32. 


We have the worlds largest selec¬ 
tion of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 1/3 page 
ad in the April 1976 issue of this 
magazine or call or write for addi¬ 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EOT. (212) 468 2720 


RADIO WORLD 


VANGUARD LABS 


ONEIDA COUNTY AIRPORT 

TERMINAL BUILDING J<* 
ORISKANY. NY 13424 WB2GJR 
315-337 2622 


196-23 JAMAICA AVENUE 


HOLLIS, N. Y. 11423 


COLLINS & MORE 


ALL BAND TRAP ANTENNA ! 


Collins 51S1 Receiver $1295.00 

Collins 30S1 Linear Amp $1995.00 

Collins 75S3B. Ham revr $825.00 

Collins 75S3B, late, round $950.00 

Collins 312B4. Exc. cond. $235.00 

Collins KWM-2 transevr. V.G. $850.00 

Collins CP I, crystal Pack $225.00 

Coll.ns 32S3 Ham Xmtr. $895.00 

Measurements 65B, LF sig. gen. $395.00 
Henry 4K linear amp., exc. $1250.00 

Nems-Clark 1302A. 55-260 MHz revr. 

$395.00 


5 BAND OPERATION - 
ONLY ONE NEAT SMALL 
ANTENNA FOR CONG¬ 
ESTED HOUSING AND 
APARTMENT DWELLERS1 


ION - FOR ALL AM 
MALL TRANSMITTEI 
ONG- TEED FOR 1.C 


FOR ALL AMATEUR HF 
TRANSMITTERS GUARAN- 
TEEO FOR 1.000 WATTS 
POWER LIGHT NEAT 
WEATHERPROOF 


Wc stock good, used equipment from Collins, 
Dr.ike. Heath and other manufacturers. Hundreds 
of test items also available. Call for specific re¬ 
quirements, or write for free catalog. 


DAMES COMMUNICATION SYSTEMS 

201-998-4256 
10 SCHUYLER AVENUE 
NORTH ARLINGTON, N. J. 07032 


Complete (i ihown total length 102 ft with 90(1 ol 52 ohm 
RGSOU coai and PL259 connector Hl-«mpect molded mo- 
nant trap* (art 3 ot 1”i 5" long) You )uit tuna to daiirad 
band tor eicellant report*! Eicallent for ALL world - wide 
receiver* and amateur trenimitten For NOVICE AND ALL 
CLASS AMATEURS1 NO EXTRA TUNERS OR GADGETS 
NEEDED' Eliminate* 5 teparate antennae with eicallent 
performance guaranteed Can be uied a* inverted V NO 
HAYWIRE HOUSE APPEARANCE! EASY INSTALLATION! 
60-40-20-15-10 mater band! Complete 534 95 

40-20-15-10 mater band* 54-ft ant 533 95 

20-15-10 malar band* 24-ft ant 532 95 

SENO ONLY 53.00 fcaih. ck . mo J and pay poitman balance 
COD plu* pottage on arrival or lend full price for pp del 
BankAmericard- - - Matter Charge - * - Ph 300-236-5333 
Free info available only from WESTERN ELECTRONICS 
Dept AH- 7 Kearney, Nebraska, 68847 


More Details? CHECK - OFF Page 126 
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There’s ■ 
nothing f 
like it ■ 


RADIO AMATEURI 


Respected worldwide as 
the only complete authority 
for radio amateur 
QSL and QTH information. 

The U. S. Callbook has nearly 
300,000 W & K listings. It lists 
calls, license classes, names 
and addresses plus the many 
valuable backup charts and 
references you come to expect 
from the Callbook. 

Specialize in DX? Then you're 
looking for the Foreign Callbook 
with almost 235,000 calls, 
names and addresses of ama¬ 
teurs outside of the USA. 

U.S. Callbook $14.95 
Foreign Callbook $13.95 


Order from your favorite elec¬ 
tronics dealer or direct from the 
publisher. All direct orders add 
$1.25 for shipping. Illinois residents 
add 5% Sales Tax. 


RADIO AMATEUR I 




Dept. E 925 Sherwood Drive 
lake Bluff. Ill 60044 


we Specialize 

IN IRON POWDER AND FERRITE MATERIALS 

AMIDC^N . 


TOROIDAL CORES 
FERRITE RODS _ 

SHIELDING BEADS free TEON-DA TA FLYER 

SHIELDED COIL FORMS qn FERROMAGNETIC MATERIALS 

FAST, DEPENDABLE SERVICE SINCE 1963 
12033 OTSEGO STREET, NORTH HOLLYWOOD. CALIFORNIA 91607 


□ 0 N. . 


We Don’t Claim That Your ALPHA Linear 
Will Run A Kilowatt Key-Down FOREVER . . 



... But We Don’t Put A Time Limit On It, Either. 

YOU'LL PROBABLY NEVER SET A BRICK ON YOUR KEY FOR 26.000 MINUTES. BUT WE 
DID IT TO ILLUSTRATE WHAT ETO'S NO TIME LIMIT [NTL] CONTINUOUS DUTY 
RATINGS REALLY MEAN TO EVERY ALPHA AMPLIFIER OWNER. 

April 7th: A standard ALPHA 76 was taken from production, loaded up to a full 1000 
watts key-down dc input, and left operating with a brick on the key 

April 25th: The '76 was still operating completely normally, delivering about 675 watts ot 
continuous rl carrier output Into a very hot dummy load — after 18 days — 435 hours — 
some 26,000 consecutive minutes key-down at a full kilowatt You may have seen the 
same unit running key-down all day long the following week-end at the Dayton Hamven- 
tion It's still as good as new — a fact which will surprise no one who knows how all 
ALPHA'S are built You'd expect no less 

The point Is. every ALPHA linear amplifier — including the power- and value-packed 
ALPHA 76 and the exclusive NO-TUNE-UP ALPHA 374 — is meticulously engineered 
and built to handle continuous operation IN ANY MODE AT MAXIMUM LEGAL POWER 
(NTL) No Time Limit And ETO's warranty on every ALPHA amplifier protects you 
FOR EIGHTEEN MONTHS — FIVE TIMES LONGER than most amateur equipment 
warranties! 


ALPHA: 


SURE YOU CAN BUY A CHEAPER LINEAR . 
BUT IS THAT REALLY WHAT YOU 


WANT? 


A UNEAR AMPLIFIER IS A BIG INVES TMENT. . . MAKE IT WISEL Y. For an enlightening 
glimpse at what goes into the design of every ALPHA by ETO's power professionals, or to 
aid you in comparing one linear with another, call or write for our brief guide entitled, 
"EVERYTHING YOU ALWAYS WANTED TO KNOW ABOUT /COMPARING) LINEARS . 

BUT DIDN'T KNOW WHOM TO ASK." We'll also send you fully detailed and illustrated 
literature describing the entire ETO line of superb ALPHA power amplifiers and 
ALPHA/VOMAK — the new split-band speech processor that's your key to rf dipper type 
"talk power" combined with easy mike-line installation and low-distortion, practically 
foolproof operation. 

EHRHORN TECHNOLOGICAL OPERATIONS. INC. 

Q P.O. BOX 708 - INDUSTRIAL PARK 

CANON CITY. CO. 81212 PHONE (303) 275-1613 



More Details? CHECK OFF Page 126 
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This NEW MFJ Super Antenna Tuner... 

matches everything from 160 thru 10 Meters: dipoles, inverted vees, 
random wires, verticals, mobile whips, beams, balance lines, coax lines. 
Up to 200 watts RF OUTPUT . Built-in balun, too! 


With the NEW MFJ Super Antenna Tuner you 

can run your lull transceiver power output up to 
200 watts RF power output and match your 
transmitter to any leedlme from 160 thru 10 Meters 
whether you have coax cable, balance line, or 
random wire 

You can tune out the SWR on your dipole. 

inverted vee, random wire, vertical, mobile whip, 
beam, quad, or whatever you have 

You can even operate all bands with |ust one 
existing antenna No need to put up separate 
antennas lor each band 

Increase the usable bandwidth ol your mobile 
whip by tuning out the SWR from inside your car. 
Works great with all solid state rigs (like the Atlas) 
and with all tube type rigs 


It travels well. too. Its ultra compact size 5x2x6 
inches tits easily in a small corner ol your suitcase 
The secret ol this tiny, powerful tuner is a wide 
range 12 position variable inductor made Irom two 
stacked toroid cores and high quality capacitors 
manulactured especially lor MFJ For balanced 
lines a t 4 (unbalanced to balanced) balun is 
built in Made in U S A by MFJ Enterprises 

This beautiful little tuner is housed in a deluxe 
eggshell white Ten Tec enclosure with walnut 
gram sides 

SO-239 coax connectors are provided lor 
transmitter input and coax led antennas Ouality 
live way binding posts are used lor the balance 
line inputs (2). random wire input (t), and ground (1) 
Try It - no obligation. II not delighted, return 


it within 30 days lor a relund (less shipping) This 
tuner is unconditionally guaranteed lot one year 
To order, simply call us toll-free 800-647 8660 
and charge it on your BankAmericard or Master 
Charge or mail us an order with a check or money 
order lor $69 95 plus $2 00 shipping/handling tor 
the MFJ 16010ST Super Antenna Tuner 

Don't wait any longer to tune out that SWR and 
enioy solid QSO's Order today 

MFJ ENTERPRISES 

P. O. BOX 494 

MISSISSIPPI STATE, MS. 39762 

CALL TOLL FREE .800-647-8660 , 


This NEW MFJ Deluxe Keyer at $69.95 ... 

gives you more features per dollar than any other keyer available. 


/m 


WtIGHT tOfff V OLUWt 
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MFJ OELUXE ELECTRONIC KEYER 
WOOf! WfJ OOO 1C 


Based on the Curtis 8043 1C keyer on a chip, the 
new MFJ Deluxe Keyer gives you more teatures pei 
dollar than any other keyer available 
Sends iambic automatic, semi automatic, manual 
Use squeeze, single lever or straight key 
Iambic squeeze key operation with dot and dash 
insertion lets you torm characters with minimal wrist 
movement tor comtortable. latique tree sending 
Semi automatic "bug" operabon provides automatic 
dots and manual dashes Use a manual straight key 
to safely key your transmitter or to improve your list 
Dot memory sell completing dots and dashes 
|am prool spacing and instant start tor accurate and 
precise CW 

Totally RF prool. No problems, whatever 

Ultra reliable solid state keying. Keys virtually any 
transmitter gnd block, -300V max . 10 ma. max . 
cathode and solid state transmitters + 300V max . 
200 ma. max 


All controls are on the tront panel speed, weight, 
tone, volume, lunction switch Smooth linear speed 
control 8 to 50 WPM 

Weight control lets you adjust dot dash space 
ratio, makes your signal distinctive to penetrate thru 
heavy ORM lot solid DX contacts 
Tone control. Room tilling volume Built in speaker 
Ideal lot classroom teaching 
Function switch selects oil. on, semi automatic/ 
manual, tune Tune keys xmtr tor tuning 
Completely portable. Take it anywhere Operates 
up to a year on 4 C cells Miniature phone |ack tor 
external power (3 to 15 VDC) 

Beautiful Ten Tec enclosure. Eggshell white, 
walnut sides Compact 6x6x2 inches 
Three conductor quarter inch phone jack lor key. 
phono lacks tor keying outputs 
Optional squeeze key. Dot and dash paddles have 
fully adjustable tension and spacing lor the exact 
"feel" you like Heavy base with non slip rubber teet 


eliminates "walking" $29 95 plus $2 00 lor shipping 
and handling 

Try It—no obligation, ll not delighted, return it with 
in 30 days lor a relund (less shipping) This keyei is 
unconditionally guaranteed lor one year 
To order simply call us toll tree 800 647 8660 
and charge it on your BankAmericard or Master 
Charge or mail us an order with a check or money 
order lor $69 95 plus $2 00 shipping/handling lor 
the MFJ 8043 keyer and/or $29 95 plus $2 00 ship 
pmg/handling tor the squeeze key 
Don't wait any longer to en|oy the pleasures ol the 
new MFJ Deluxe Keyer Older today 

MFJ ENTERPRISES 

P. O. BOX 494 

MISSISSIPPI STATE, MS. 39762 

CALL TOLL FREE.. 800-647-8660 




Call 

1 * 800 * 633*3410 

for Kenwood 

* v AESU DRAKE ICOM CDE HYGAlN CUSHCRAFT. NPC. TPL. TRISTAO. 
NEWTRONICS DENTRON REGENCY ROHN WILSON TEN-TEC. MCM & MFJ 
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KENWOOD TR-7400A 2m FM transceiver KENWOOD TS-820 transceiver 

Features: • CTCS provisions, encode and decode • 25 watt RF Features • lOthru 160meterscoverage* 200 watts PEP* Integral 

output • Solid-state final stage • LED digital readout • PLL gives IF shift • Solid-state, except for drive and final stages • Noise 

800 discrete channels • Repeater offset circuit • PLL unlock blanker • VOX circuit • PLL circuitry • DRS dial • IF out, RTTY. 

protection circuit • Low power position. 5 watts • 2-pole, 10.7 XVTR capabilities • Phone patch IN and OUT terminals • RF 

MHz monolithic crystal filter • MOS FET speech processor • Ask about options. 

869.00 list price. Call for quote. 


399.95 list price. Call for quote. 



•ma uffi 

ELECTRO-VOICE 719 
push-to-talk mike 

The 719 has two talk switch positions, 
grip-to-talk and push-to-talk. The mike 
comes from the factory with the switch in 
the push-to-talk position. Complete wir¬ 
ing diagrams are furnished for a change¬ 
over if you wish. Specs: • Frequency 
response: 80 to 7000 Hz • Generating 
element: ceramic • Output impedance: 
High Z • Polar pattern: omnidirectional. 


> 


19.95 24.95 


List price 45.00 


List price 37.50 


HYGAlN 
Model 28 
8-element 
2m beam 

Features: • Boom length: 
14 ft. • Longest element: 
3'6" • Turning radius: 7'6" 
• Wind survival: 100 mph* 
Wind load at 80 mph: 20.7 
lbs. • Net wt.: 7 lbs. • 
Surface area: 0.81 sq. ft. • 
Gain: 14.5 dB • Front-to- 
back ratio: 25-30 dB • 
Max . power output: 1KW • 
VSWR: 1.5:1 • Impedance: 
52 ohms • Uni-directional 
pattern. 


Remember, you can call TOLL-FREE: 1-800-633-3410 nationwide or call 1-800-292-8668 in 
Alabama for Long’s Electronics' low price on any Amateur radio or radio accessory item. 


BankAmjricaro 


Langs Electronics 

3521 10TH •^AVENUE NORTH, BIRMINGHAM, ALABAMA 35234 



































YAESU—The “Something For Everyone” 
Line Of Quality Ham Gear! 

Everything Is Stacked In 
Your Favor At Yaesu 
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FT-301S or FT-301SD 

Analog or digital dial, 40 watts PEP 
all solid state, broadbanded output 1 
160-10 meters 



FT-301 or FT-301D 

Analog or digital dial. 240W PEP. all 
solid state, broadbanded output 1 
160-10 meters 



FT-221R Transceiver 

All mode 144-148 MHz. 20 watts 
input, standard repeater shifts ♦ I 
non-standard shift 



■ FT-101 Series 1 

3 models. 260W PEP. 160- 10M 
and 6M with our transverters 


• 
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QRP 

BASE KW 

RTTY 

MOBILE 

MARS 

CAP 


160 2 MTRS. 

USB-LSB 

CW-FM 

DIGITAL DIAL 
ANALOG DIAL 
SWL 




FR-101 or FR-101 D 

Analog or digital readout receiver, all 
ham bands • SW frequencies with 
accessory crystals 


* FL-101 Transmitter • 

160-10 M. 200W PEP, matches the 
FR-tOI receiver The Yaesu Twins' 



" FL-2100B Linear 

Matches the 101 series-80-!0 me¬ 
ters. 1200 watts PEP. I KW CW 
Self contained power supply 


FRG-7 Receiver 

Solid state, triple conversion. 500 
KHz to 29.9 MHz. continuous tuning 


" FT-620B Transceiver 

SSB. CW. AM. 50-54 MHz 
20 watts input 

101 OWNERS: New 226 page service and 
maintenance manual now available. Write for 
information. Soon to come—FT-221 series 
service and maintenance manual! 


... plus a full line of accessories—2 and 6 meter 
transverters, counters, world clock, VFO’s, micro¬ 
phones, phone patch, wattmeters, monitor scopes 
and much more! Send us your name, address and 
ham call for our new 1977 full line catalog. 


misiy „ 

The radio, 


YAESU ELECTRONICS CORF., 15954 Downey Ave.. Paramount . CA 90723 (213) 633-4007 
YAESU ELECTRONICS CORP., Eastern Service Ctr„ 613 Redna Ter., Cincinnati, OH 45215 















lfou've never seen 
a four tube, 

2 megawatt amplifier. 


Until Nowl 




Look at this new generation Continental Elec¬ 
tronics 323C medium wave broadcast transmitter. 
You'll see two EIMAC X-2159 tetrodes are used in 
each amplifier section, one as a carrier tube and 
the other as a peak tube. TJie two Doherty-type 
screen impedance modulated 
(SIM) amplifier sections are 
combined to provide a 2 
megawatt carrier, 100 percent 
modulated. 

This is the first of 12 amplifier 
sections built for three Saudi 
Arabia locations. They will be 
used as building blocks for 1 or 2 
megawatt transmitters in the 


broadcast service. Similar approaches are 
planned for other locations in Saudi Arabia. 

For information about power tubes for your 
transmitter, contact Varian, EIMAC Division, 301 
Industrial Way, San Carlos, California 94070. Tele¬ 
phone (415) 592-1221. Or call 
any of the more than 30 Varian 
Electron Device Group Sales Of¬ 
fices throughout the world. ' 


varian 













Send for your copy of the 
world’s largest catalog of 
quality kit-form electronic 
products. 


Take your pick 
of nearly 400 fun-to-build and 
practical money-saving kits — all 
backed by Heath — world leader 
in better electronic kits since 1947. 


X mail card now ^ 



FILL IN THIS 
CARD AND 
MAIL TODAY 


Yes! Please rush me my 
personal copy of the NEW 
Heathkit Catalog. 

I am not on your mailing Hat. 


Dopt. 122-31 
Ham Radio 











BENTON HARBOR Ml 49022 




Get your very own copy of the latest 

HEATHKIT 


MAIL-ORDER KIT CATALOG 







